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4K 

(4K) 
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(256K) 
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INTERCHANGEABILITY GUIDE 


PART 1 - ALTERNATE VENDOR PART NUMBERING (EXAMPLES) 
TEXAS INSTRUMENTS (Tl) 


EXAMPLE: 


I 


I 


I 


(Tl MOS Prefix) C Pfoduct ^ (Speed Range ) ( Package ^ 

''-^ identification Numbery V- 


Clemperature Range) 


TMS Commercial MOS 
SMJ Military MOS 


4 45 ns —20 200 ns 

5 55 ns —25 250 ns 
7 70 ns —30 300 ns 

10 100 ns —35 350 ns 
12 120 ns -45 450 ns 
15 150 ns 


FP Plastic Chip Carrier 
J Cerpak/Cerdip 
JD Side Braze 
MC Chip-on-Board 
N Plastic DIP 


E -40°Cto80°C 
L 0°C to 70°C 
M -SBoCto 125°C 
S -55°Cto100°C 


^ Inclusion of an "L" in the product identification indicates the device operates at low power. 



ADVANCED MICRO DEVICES (AMD) 


Am 


CMOS Prefix) 


91 


1 


CType Memory) C Power Version) CDevice Number) 


c 


-15 



90 DRAM 

91 SRAM 

92 ROM 
17/27 EPROM 


Max Access 
-70 70 ns 

-10 100 ns 

- 15 1 50 ns 

-20 200 ns 


AMERICAN MICROSYSTEMS, INC. (AMI) 


CStandard Device Prefix) C Device Number) 


t 

C Speed Range ) 


Max Access 
A 350 ns 
B 250 ns 
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FAIRCHILD 

F 3S28 -A 




Max Access 
-1 (or A) Slowest 
-2(orB) 

-3 

-4 

- 5 Fastest 

^ May be omitted. 

* Inclusion of an “L" indicates low power version. 
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FUJITSU 


C MOS Prefix ) C Device Number^ C Modification 3 Q^£eed_Ran 2 e^ 


MB Fujitsu 

MBM Industry Standard Prefix 


Max Access 
-10 100 ns 

-12 120 ns 

-15 150 ns 


2 


HITACHI 


Q Device Typaj 


4864 

a 

C Device Number J 


ti 

C Speed Range 3 


HM RAM 
HN ROM 


Max Access 
-1 Fastest 
-2 
-3 

- 4 Slowest 


IIMMOS 


IMS 


2600 


n 

C Device Type^ 


C Device Number^ 


C Speed Range ) 


Max Access 
-45 45 ns 

-55 55 ns 

-10 100 ns 
-12 120 ns 

- 15 150 ns 
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INTEL 


2732 


-2 


C Device Number 1 C Modification j C *-ow Power Version j C Speed Ranged 


Max Access 
-1 Fastest 
-2 
-3 
-4 
-5 

-6 Slowest 


INTERSIL/AMS 


IM7 

t 

114 L 

t t 

C MOS Memory Prefix) 

C Device Number) C Lower Power Version) 


-2 


QS£eed_Range^ 


Max Access 
-1 (-11) Fastest 
-2 (- 12 ) 

-3 

-4 Slowest 


MOSTEK 


MK 


4564 


-16 


CmOS Prefix^ fDavjceNumbor^ 



C Speed 

Ranac 

[) 



Max Access 



-55 

55 ns 

- 4 

250 

ns 

-70 

70 ns 

- 5 

300 

ns 

-90 

90 ns 

- 6 

350 

ns 

- 1 

120 ns 

-15 

150 

ns* 

- 2 

150 ns 

-20 

200 

ns* 

- 3 

200 ns^ 

-25 

250 

ns* 


1 550 ns tor SRAMs and ROMs 
1 DRAMS 
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MOTOROLA 


MCM 

t 

6664 

t , 

AP 

t 

- 

1 5 

t 

C 1C Memory Prefix) 

CDevice Number^) 

C Modification ) 

Cspeed Range) 

Max Access 

-10 100 ns 

-12 120 ns 

-15 150 ns 

, -20 200 ns 

-25 250 ns 

-30 300 ns 

— 45 450 ns 


^ Inclusion of an "L" indicates low power version. 


NATIONAL SEMICONDUCTOR 


NMC 


4164 


Ik A 

C MOS M ernory Pr efix^ COevIce Number) 


15 


C Speed Range ') 




Max Access 
-12 120 ns 
-15 150 ns^ 

- 20 200 ns 


OKI SEMICONDUCTOR (OKI) 


nnoivi 

~r 

C MOS Prefix^ QDeviceJJumber^ 


C Speed Range 3 


Max Access 
-12 120 ns 
-15 150 ns 
- 20 200 ns 
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NIPPON ELECTRIC CORPORATION (NEC) ' 


2 


^PD 



4164 


ii a 

C^DavIca Numbe^ QModificatjonl 


-2 



Q Spaad Range 3 

Max Access 
-0 200 ns 
-1 250 ns 

-2 100 ns 

- 3 150 ns 


SIGNETICS 


23128 


-25 


C Device Number 3 Q Speed Ranged 


Max Access 
-20 200 ns 
-25 250 ns 
-30 300 ns 
-45 450 ns 


SYNERTEK 


SY 

z 


2150 


C MOS Memory Prefix^ C Device Number*^ C Speed Ranged 


Max Access 

-2 

200 ns 

-3 

300 ns 

-4 

45 ns 

-5 

55 ns 


*lnclusion of an alpha character indicates a device modification. 
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TOSHIBA 


TMM 

a 

CmOS M emory Pr efix^ 

Max Access 

-1 Fastest 

-2 

-3 

-4 

- 5 Slowest 


4164 


C Device Number) C Speed Range 3 


VLSI TECHNOLOGY 


CmOS M emory P refix^ 


4500A 

COevice Number^ 


-15 


C Speed Range ) 


Max Access 
-15 150 ns 
-20 200 ns 
-25 250 ns 


'Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


Interchangeability Guide 







Interchangeability Guide 


INTERCHANGEABILITY GUIDE 


PART II - SECOND SOURCES* 


^Based on available published data. (Official second sourcing agreements not necessarily implied.) 
All devices listed operate over the 0°C to 70°C temperature range. 


2 


DYNAMIC RAMS 


ORGANIZATION 

MAX ACCESS 

VENDOR 

PART NUMBER 

Tl 

SECOND SOURCES 

16Kx1 

Max Access = 250 ns 

Tl 


TMS4116 

(3 Supply) 



AMD 

Am9016 




Fairchild 

F4n6 




Fujitsu 

MBsne 




Hitachi 

HM4716A 




Intersil 

IM4116 




ITT 

ITT4116 




Mitsubishi 

M5K4116 




Mostek 

MK4116 




Motorola 

MCM4116B 




National 

MM5290 




NEC 

^PD416 




Toshiba 

TMM416 

64Kx1 

Max Access = 200 ns 

Tl 


TMS4164^ 

(5 V) 



Fairchild 

F4164 




Fujitsu 

MB8264A 




Hitachi 

HM4864 




INMOS 

IMS2600f 




Intel 

2164 




Micron Tech. 

MT4264t 




Mitsubishi 

M5K4164 




Mostek 

MK4564 




Motorola 

MCM6665 




National 

NMC41641^ 




NEC 

,4PD4164 




OKI 

MSM3764 




Toshiba 

TMM4164 

16Kx4 

Max Access = 200 ns 

Tl 


TMS4416 

(5 V) 



Fujitsu 

MB81416 



■ 

Hitachi 

HM48416AP 




INMOS 

IMS2620 

256KX1 

Max Access = 200 ns 

Tl 


TMS4256/TMS4257 

(5 V) 



Fujitsu 

MB81257/MB81256 




Hitachi 

HM50257 




Mitsubishi 

MSM4256 




Motorola 

MCM6256 




NEC 

;iPD41256/mPD41257 




OKI 

MSM37256 




Toshiba 

TMM41256 



_ 1 

Western Electric 

WCM41256 


^These devices have a 256 cycle, 4 ms refresh scheme. All others refresh In 2 ms. 
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STATIC RAMS 


ORGANIZATION 

MAX ACCESS 

VENDOR 

PART NUMBER 

Tl 

SECOND SOURCES 

4Kx1 

Max Access = 450 ns 

Tl 


TMS4044/TMS40L44 

(5 V) 



AMD 

Am4044 




Intersil 

IM7141/IM7141L 




Intel 

2141/2141L 




National SC 

MM2141 




Mitsubishi 

M5T4044 




Mostek 

MK4104 




NEC 

;rPD4104 




Synertek 

SY2141/SY2U1L 

1Kx4 

Max Access = 450 ns 

Tl 


TMS2114/TMS2114L 

(5 V) 



AMD 

Am9114E/91L14E 




EA 

EA2114L 




EMM/SEMI 

2114 




Fairchild 

2114 




Hitachi 

HM472114A 




Intel 

2114A/2114AL 




Mitsubishi 

M5L2114L 




Motorola 

MCM2114/MCM21L14 




National SC 

MM2114/MM21L14 




NEC 

mPD2114/,*PD2114L 




OKI 

MSM2114/MSM2114L 




Synertek 

SY2114/SY2114A 

2Kx8 

Max Access = 250 ns 

Tl 


TMS4016 

(5 V) 



Fairchild 

F3528 




Fujitsu 

MB8128 




Mitsubishi 

M58725 




Mostek 

MK4802 




OKI 

MSM2128 




Toshiba 

TMM2016 
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EPROMS 


ORGANIZATION 

MAX ACCESS 

VENDOR 

PART NUMBER 

Tl 

SECOND SOURCES 

1Kx8 

Max Access = 450 ns 

Tl 


TMS2708/TMS27L08 

(3 Supply) 



AMD 

2708 




Faircliild 

F2708 




Fujitsu 

MB8518 




Intel 

2708/2708L 




Motorola 

MCM2708 




National SC 

MM2708 




OKI 

MSM2708 

2Kx8 

Max Access = 450 ns 

Tl 


TMS2716 

(3 Supply) 



Motorola 

TMS2716/TMS27A16 

2Kx8 

Max Access = 450 ns 

Tl 


TMS2516 

(5 V) 



AMD 

2716 




Fujitsu 

MBM2716 




Hitachii 

HN462716 




Intel 

2716 




Mitsubishii 

M5L2716 




Mostek 

MK2716 




Motorola 

MCM2716/MCM27L16 




National 

MM2716 




NEC 

MPD2716 




OKI 

MSM2716 




Toshiba 

TMM323 

4Kx8 

Max Access = 450 ns 

Tl 


TMS2532 

(5 V) 



Hitachi 

HN62532 




Motorola 

MCM2532/MCM25L32 




National 

MM2532 

4Kx8 

Max Access = 450 ns 

Tl 

y 

TMS2732A 

(5 V) 



AMD 

Am2732 




Fairchild 

F2732 




Fujitsu 

MBM2732A 




Hitachi 

HN462732 




Intel 

2732A 




Mitsubishi 

M5L2732 




NEC 

;tPD2732 




OKI 

MSM2732 




Toshiba 

TMM2732 

8Kx8 

Max Access = 450 ns 

Tl 


TMS2564 

(5 V) 



Motorola 

MCM68764 

8Kx8 

Max Access = 450 ns 

Tl ■ 


TMS2764 

(5 V) 



AMD 

Am2764 




Fairchild 

2764 




Fujitsu 

MBM2764 




Hitachi 

HN482764 




Intel 

2764 




Mitsubishi 

M5L2764 




OKI 

MSM2764A 

16Kx8 

Max Access = 250 ns 

Tl 


TMS27128 

(5V) 



Fujitsu 

MBM27128 




Intel 

27128 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


PART I - GENERAL CONCEPTS AND TYPES OF MEMORIES 

Address — Any given memory location in which data can be stored or from which it can be retrieved. 
Automatic Chip-Select/Power Down — (see Chip Enable Input) 


Bit — Contraction of Binary digIT, i.e., a 1 or a 0; in electrical terms the value of a bit may be represented by the presence or 
absence of charge, voltage, or current. 


Byte — A word of 8 bits (see word) 


Chip Enable input — A control input to an integrated circuit that when active permits operation of the integrated circuit for in¬ 
put, internal transfer, manipulation, refreshing, and/or output of data and when inactive causes the integrated circuit to 
be in a reduced power standby mode. 

Chip Select Input — Chip select inputs are gating inputs that control the input to and output from the memory. They may be 
of two kinds: 

1. Synchronous - Clocked/latched with the memory clock. Affects the inputs and outputs for the duration of 
that memory cycle. 

2. Asynchronous-Has direct asynchronous control of inputs and outputs. In the read mode, an asyn¬ 
chronous chip select functions like an output enable. 


3 


Column Address Strobe (CAS) — A clock used in dynamic RAMs to control the input of column addresses. It can be active 
high (CAS) or active low (CAS). 


Data — Any information stored or retrieved from a memory device. 

Dynamic (ReadAfi/rite) Memory (DRAM) — A read/write memory in which the cells require the repetitive application of con¬ 
trol signals in order to retain the stored data. 

NOTES: 1. The words “read/write" may be omitted from the term when no misunderstanding will result. 

2. Such repetitive application of the control signals is normally called a refresh operation. 

3. A dynamic memory may use static addressing or sensing circuits. 

4. This definition applies whether the control signals are generated inside or outside the integrated cir¬ 
cuit. 


Electrically Alterable Read-Only Memory (EAROM) — A nonvolatile memory that can be field-programmed like a PROM or 
EPROM, but that can be electrically erased by a combination of electrical signals at its inputs. 

Erasable and Programmable Read-Only Memory (EPROMI/Reprogrammable Read-Only Memory — A field-programmable 
read-only memory that can have the data content of each memory cell altered more than once. 

Erase — Typically associated with EPROMs and EAROMs. The procedure whereby programmed data is removed and the 
device returns to its unprogrammed state. 

Field-Programmable Read-Only Memory — A read-only memory that after being manufactured, can have the data content of 
each memory cell altered. 

Fixed Memory — A common term for ROMs, EPROMs, EAROMs, etc., containing data that is not normally changed. A more 
precise term for EPROMs and EAROMs is nonvolatile since their data may be easily changed. 

Fully Static RAM — In a fully static RAM, the periphery as well as the memory array is fully static. The periphery is thus 
always active and ready to respond to input changes without the need for clocks. There is no precharge required for 
static periphery. 

K — When used in the context of specifying a given number of bits of information, IK = 2''0 = 1024 bits. Thus, 
64K = 64 X 1024 = 65,536 bits. 

Large-Scale Integration (LSI) — The description of any 1C technology that enables condensing more than 100 gates onto a 
single chip. 
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GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


Mask-Programmed Read-Only Memory — A read-only memory in which the data content of each cell is determined during 
manufacture by the use of a mask, the data content thereafter being unalterable. 

Memory — A medium capable of storage of information from which the information can be retrieved. 

Memory Cell — The smallest subdivision of a memory into which a unit of data has been or can be entered, in which it is or 
can be stored, and from which it can be retrieved. 

Metal-Oxide Semiconductor (MOS! — The technology involving photolithographic layering of metal and oxide to produce a 
semiconductor device. 
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NMOS — A type of MOS technology in which the basic conduction mechanism is governed by electrons. (Short for 
N-channel MOS) 

Nonvolatile Memory — A memory in which the data content is maintained whether the power supply is connected or not. 


Output Enable — A control input that, when true, permits data to appear at the memory output, and when false, causes the 
output to assume a high-impedance state. (See also chip select) 

PMOS — A type of MOS technology in which the basic conduction mechanism is governed by holes. (Short for P-channel 
MOS) 

Parallel Access — A feature of a memory by which all the bits of a byte or word are entered simultaneously at several inputs 
or retrieved simultaneously from several outputs. 

Power Down — A mode of a memory device during which the device is operating in a low-power or standby mode. Normally 
read or write operations of the memory are not possible under this condition. 

Program — Typically associated with EPROM memories, the procedure whereby logical O’s (or 1 's) are stored into various 
desired locations in a previously erased device. 

Program Enable — An input signal that when true, puts a programmable memory device into the program mode. 

Programmable Read-Only Memory (PROM) — A memory that permits access to any of its address locations in any desired se¬ 
quence with similar access time to each location. 

NOTE; The term as commonly used denotes a read/write memory. 

Read — A memory operation whereby data is output from a desired address location. 

Read-Only Memory (ROM) — A memory in which the contents are not intended to be altered during normal operation. 

NOTE: Unless otherwise qualified, the term "read-only memory" implies that the content is determined by its 

structure and is unalterable. 

Read/Write Memory — A memory in which each cell may be selected by applying appropriate electrical input signals and the 
stored data may be either (a) sensed at appropriate output terminals, or (b) changed in response to other similar elec¬ 
trical input signals. 

Row Address Strobe (RAS) — A clock used in dynamic RAMs to control the input of the row addressed. It can be active high 
(RAS) or active low (RAS). 

Scaled-MOS (SMOS) — MOS technology under which the device is scaled down in size in three dimensions and in operating 
voltages allowing improved performance. 

Semi-Static (Quasi-Static, Pseudo-Static) RAM — In a semi-static RAM, the periphery is clock-activated (i.e., dynamic). 
Thus the periphery is inactive until clocked, and only one memory cycle is permitted per clock. The peripheral circuitry 
must be allowed to reset after each active memory cycle for a minimum precharge time. No refresh is required. 

Serial Access — A feature of a memory by which all the bits are entered sequentially at a single input or retrieved sequentially 
form a single output. 

Static RAM (SRAM) — A read/write random-access device within which information is stored as latched voltage levels. The 
memory cell is a static latch that retains data as long as power is applied to the memory array. No refresh is required. 
The type of periphery circuitry sub-categorizes static RAMs. 
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Very-Large-Scale Integration (VLSI) — The description of any 1C technology that is much more complex than large-scale in¬ 
tegration (LSI), and involves a much higher equivalent gate count. At this time an exact definition including a minimum 
gate count has not been standardized by JEDEC or the IEEE. 

Volatile Memory — A memory in which the data content is lost when power supplied is disconnected. 

Word — A series of one or more bits that occupy a given address location and that can be stored and retrieved in parallel. 
Write — A memory operation whereby data is written into a desired address location. 

Write Enable — A control signal that when true causes the memory to assume the write mode, and when false causes it to 
assume the read mode. 

PART II - OPERATING CONDITIONS AND CHARACTERISTICS (INCLUDING LETTER SYMBOLS) 

Capacitance 

The inherent capacitance on every pin, which can vary with various inputs and outputs. 

Example symbology; 

Cj Input capacitance 

Co Output capacitance 

Cj(D) Input capacitance, data input 

Current 

High-level input current, I|h 
T he current into an input when a 

High-level output current, Iqh 
T he current into* an output with 
high level at the output. 

Low-level input current, l|[. 

The current into an input when a 

Low-level output current, Iql 
T he current into* an output with 
low level at the output. 

Off-state (high-impedance-state) output current (of a three-state output), Iqz 

The current into* an output having three-state capability with input conditions applied that according to the product 
specification will establish the high-impedance state at the output. 

Short-circuit output current, Iqs 

The current into* an output when the output is short-circuited to ground (or other specified potential) with input condi¬ 
tions applied to establish the output logic level farthest from ground potential (or other specified potential). 

Supply current Ibb- ICC. IdD< 'PP 

The current Into, respectively, the Vbb. Vcc< VdD- ''^PP supply terminals. 

Operating Free-Air Temperature 

The temperature (Ta) range over which the device will operate and meet the specified electrical characteristics. 

Operating Case Temperature 

The case temperature (Tq) range over which the device will operate and meet the specified electrical characteristics. 


high-level voltage is applied-to that input. 

input conditions applied that according to the product specification will establish a 

low-level voltage is applied to that input. 

input conditions applied that according to the product specification will establish a 


• Current out of a terminal is given as a negative value. 
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Voltage 

High-level input voltage, V|h 

An input voltage within the more positive (less negative) of the two ranges of values used to represent the binary 
variables. 

NOTE; A minimum is specified that is the least positive value of high-level input voltage for which operation of the 
logic element within specification limits is guaranteed. 


3 


High-level output voltage, Vqh 

The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a high level at the output. 

Low-level input voltage, Vg, 

An input voltage level within the less positive (more negative) of the two ranges of values used to represent the binary 
variables. 

NOTE: A maximum is specified that is the most positive value of low-level input voltage for which operation of the 

logic element within specification limits is guaranteed. 

Low-level output voltage, Vqi. 

The voltage at an output terminal with input conditions applied that according to the product specification will 
establish a low level at the output. 


Supply Voltages, Vge, Vcc- Vdd< VPP 

The voltages supplied to the corresponding voltage pins that are required for the device to function. From one to four of 
these supplies may be necessary, along with ground, Vss- 

Time Intervals 

New or revised data sheets in this book use letter symbols in accordance with standards recently adopted by JEDEC, 
the IEEE, and the lEC. Two basic forms are used. The first form is usually used in this book when intervals can easily be 
classified as access, cycle, disable, enable, hold, refresh, setup, transition, or valid times and for pulse durations. The 
second form can be used generally but in this book is used primarily for time intervals not easily classifiable. The se¬ 
cond (unclassified) form will be described first. Since some manufacturers use this form for all time intervals, symbols 
in the unclassified form are given with the examples for most of the classified time intervals. 

Unclassified time intervals 


Generalized letter symbols can be used to identify almost any time interval without classifying it using traditional or 
contrived definitions. Symbols for unclassified time intervals identify two signal events listed in from-to sequence us¬ 
ing the format: 


tAB-CD 

Subscripts A and C indicate the names of the signals for which changes of state or level or establishment of state or 
level constitute signal events assumed to occur first and last, respectively, that is, at the beginning and end of the time 
interval. Every effort is made to keep the A and C subscript length down to one letter, if possible (e.g., R for RAS and C 
for CAS of TMS 4116). 


Subscripts B and D indicate the direction of the transitions and/or the final states or levels of the signals represented by 
A and C, respectively. One or two of the following is used: 

H = high or transition to high 
L = low or transition to low 
V = a valid steady-state level 
X = unknown, changing, or “don't care" level 
Z = high-impedance (off) state 
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The hyphen between the B and C subscripts is omitted when no confusion is likely to occur. 

For examples of symbols of this type, see TMS 4116 (e.g., tpLcO- 
Classified time intervals (general comments, specific times follow) 

Because of the information contained in the definitions, frequently the identification of one or both of the two signal 
events that begin and end the intervals can be significantly shortened compared to the unclassified forms. For exam¬ 
ple, it is not necessary to indicate in the symbol that an access time ends with valid data at the output. However, if 
both signals are named (e.g., in a hold time), the from-to sequence is maintained. 


Access time 

The time interval between the application of a specific input pulse and the availability of valid signals at an output. 
Example symbology: 



Classified 


Unclassified Description 


ta(A) tAVQV 

ta(S). ta(CS) tSLQV 


Access time from address 
Access time from chip select (low) 


Cycle time 

The time interval between the start and end of a cycle. 

NOTE: The cycle time is the actual time interval between two signal events and is determined by the system in 

which the digital circuit operates. A minimum value is specified that is the shortest interval that must be 
allowed for the digital circuit to perform a specified function (e.g., read, write, etc.) correctly. 

Example symbology: 

Classified Unclassified Description 

tc(R). tc(rd) tAVAV(R) Read cycle time 

tc(W) fAVAV(W) Write cycle time 

NOTE: R is usually used as the abbreviation for "read"; however, in the case of dynamic memories, "rd" is used 

to permit R to stand for RAS. 

Disable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with the three- 
state output changing from either of the defined active levels (high or low) to a high-impedance (off) state. 

Example symbology: 

Classified Unclassified Description 

tciis(S) ^SHQZ Output disable time after chip select (high) 

fdis(W) t\A/i 07 Output disable time after write enable (low) 

These symbols supersede the older forms tpvz or fpxz- 

Enable time (of a three-state output) 

The time interval between the specified reference points on the input and output voltage waveforms, with the three- 
state output changing from a high-impedance (off) state to either of the defined active levels (high or low). 

NOTE: For memories these intervals are often classified as access times. 

Example symbology: 

Classified Unclassified Description 

ten(SL) iSLQV Output enable time after chip select low 

These symbols supercede the older form tpzv- v 
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Hold time 

The time interval during which a signal is retained at a specified input terminal after an active transition occurs at 
another specified input terminal. 

NOTES: 1. The hold time is the actual time interval between two signal events and is determined by the system 

in which the digital circuit operates. A minimum value is specified that is the shortest interval for 
which correct operation of the digital circuit is guaranteed. 

2. The hold time may have a negative value in which case the minimum limit defines the longest interval 
(between the release of the signal and the active transition) for which correct operation of the digital 
circuit is guaranteed. 


Example symbology: 


Classified 

Unclassified 

th(D) 

tWHDX 

th(RHrd) 

tRHWH 

fh(CHrd) 

fCHWH 

th(CLCA) 

tCL-CAX 

th(RLCA) 

fRL-CAX 

fh(RA) 

tRL-RAX 


Description 

Data hold time (after write high) 

Read (write enable high) hold time after RAS high) 
Read (write enable high) hold time after CAS high) 
Column address hold time after CAS low 
Column address hold time after RAS lew 
Row address hold time (after RAS low) 


These last three symbols supersede the older forms: 


NEW FORM 

th(CLCA) 

th(RLCA) 

th(RA) 


OLD FORM 

th(ACL) 

th(ARL) 

th(AR) 


NOTE: The from-to sequence in the order of subscripts in the unclassified form is maintained in the classified form. 

In the case of hold times, this causes the order to seem reversed from what would be suggested by the terms. 


Pulse duration (width) 

The time interval between specified reference points on the leading and trailing edges of the pulse waveform. 

Example symnbology: 

Classified Unclassified Description 

fw(W) fWLWH Write pulse duration 

tw(RL) tRLRH Pulse duration, RAS low 

Refresh time interval 

The time interval between the beginnings of successive signals that are intended to restore the level in a dynamic 
memory cell to its original level. 

NOTE: The refresh time interval is the actual time interval between two refresh operations and is determined by 

the system in which the digital circuit operates. A maximum value is specified that is the longest interval 
for which correct operation of the digital circuit is guaranteed. 

Example symbology: 

Classified Unclassified Description 

t|-f Refresh time interval 
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Setup time 


The time interval between the application of a signal at a specified input terminal and a subsequent active transition at 
another specified input terminal. 


NOTES; 1. The setup time is the actual time interval between two signal events and is determined by the system 
in which the digital circuit operates. A minimum value is specified that is the shortest interval for 
which correct operation of the digital circuit is guaranteed. 

2. The setup time may have a negative value in which case the minimum limit defines the longest inter¬ 
val (between the active transition and the application of the other signal) for which correct operation 
of the digital circuit is guaranteed. 

Example symbology: 

Classified Unclassified Description 



tsu(D) 

tsu(CA) 

tsu(RA) 


tDVWH 

tCAV-CL 

tRAV-RL 


Data setup time (before write high) 

Column address setup time (before CAS low) 
Row address setup time (before RAS low) 


Transition times (also called rise and fall times) 


The time interval between two reference points (10% and 90% unless otherwise specified) on the same waveform 
that is changing from the defined low level to the defined high level (rise time) or from the defined high level to the 
defined low level (fall time). 


Exampie symbology: 


Classified 

Unclassified 

Description 

tt 


Transition time (general) 

tt(CH) 

tCHCH 

Low-to-high transition time of CAS 

V(C) 

tCHCH 

CAS rise time 

tf(C) 

tCLCL 

CAS fail time 

Valid time 



(a) General 




The time interval during which a signal is (or should be) valid. 

(b) Output data-valid time 

The time interval in which output data contines to be vaiid following a change of input conditions that could 
cause the output data to change at the end of the interval. 

Example symbology: 

Classified Unclassified Description 

tv(A) lAXQX Output data valid time after change of address. 

This supersedes the older form tpvx- 
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PART III-TIMING DIAGRAMS CONVENTIONS 


TIMING DIAGRAM 
SYMBOL 


m 



mw: 


INPUT 

FORCING FUNCTIONS 

Must be steady high or low 

High-to-low changes 
permitted 


Low-to-high changes 
permitted 

Don't Care 

(Does not apply) 


MEANING 

OUTPUT 

RESPONSE FUNCTIONS 

Will be steady high or low 

Will be changing from high 
to low some time during 
designated interval 

Will be changing from low 
to high sometime during 
designated interval 

State unknown or changing 

Centerline represents high- 
impedance (off) state. 


PART IV-BASIC DATA SHEET STRUCTURE 

The front page of the data sheet begins with a list of key features such as organization, interface, compatibility, opera¬ 
tion (static or dynamic), access and cycle times, technology (N or P channel, silicon or metal oxide gate), and power. In 
addition, the top view of the device is shown with the pinout provided. Next a general description of the device, 
system interface considerations, and elaboration on other device chracteristics are presented. The next section is an 
explanation of the device's operation which includes the function of each pin (i.e., the relationship between each input 
(output) and a given type of memory). The functions basically involve starting, achieving, and ending a given type of 
memory cycle (e.g., programming or erasing EPROMs, or reading a memory location). 

Augmenting the descriptive text there appears a logic symbol prepared in accordance with forthcoming IEEE and lEC 
standards and explained in the section of this book following this one. Following the symbol is usually a functional 
block diagram, a flow chart of the basic internal structure of the device showing the signal paths for data, addresses, 
and control signals, as well as the internal architecture. Usually the next few pages contain the absolute maximum 
ratings (e.g., voltage supplies, input voltage, and temperature) applicable over the operating free-air temperature 
range. If the device is used outside of these values, it may be permanently destroyed or at least it would not function as 
intended. Next, typically, are the recommended operating conditions (e.g., supply voltages, input voltages, and 
operating temperature). The memory device is guaranteed to work reliably and to meet all data sheet parameters when 
operated in accord with the recommended operating conditions and within the specified timing. If the device is 
operated outside of these limits (minimum/maximum), the device's operation is no longer guaranteed to meet the data 
sheet parameters. Operation beyond the absolute maximum ratings as just described can result in catastrophic 
failures. 

The next section provides a table of electrical characteristics over full ranges of recommended operating conditions 
(e.g., input and output currents, output voltages, etc.). These are presented as minimum, typical, and maximum 
values. Typical values are representative of operation at an ambient temperature of Ta = 25'’C with all power supply 
voltages at nominal value. Next, input and output capacitances are presented. Each pin has a capacitance (whether an 
input, an output, or control pin). Minimum capacitances are not given, as the typical and maximum values are the most 
crucial. 

The next few tables involve the device timing characteristics. The parameters are presented as minimum, typical (or 
nominal), and maximum. The timing requirements over recommended supply voltage range and operating free-air 
temperature indicate the device control requirements "such as hold times, setup times, and transition times. These 
values are referenced to the relative positioning of signals on the timing diagrams, which follow. The switching 
characteristics over recommended supply voltage range are device performance characteristics inherent to device 


Texas Instruments 


3-8 


INCORPORATED 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 




GLOSSARY/TIMING CONVENTIONS/DATA SHEET STRUCTURE 


operation once the inputs are applied. These parameters are guaranteed for the test conditions given. The interrelation¬ 
ship of the timing requirements to the switching characteristics is illustrated in timing diagrams for each type of 
memory cycle (e.g., read, write, program). 

At the end of a data sheet additional applications information may be provided such as how to use the device, graphs 
of electrical characteristics, or other data on electrical characteristics. 
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Dynamic RAM and Memory Support Devices 


m 

ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum¬ 
rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 

Additional information concerning the handling of ESD sensitive devices is 
available from Texas Instruments in a document entitled "Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies. " 

Please contact 


to obtain this brochure. 


Texas Instruments 
P.O. Box 401560 
Dallas, Texas 75240 


MOS 
LSI 

OCTOBER 1977 - REVISED MAY 1982 

o 16,384 X 1 Organization 
• 10% Tolerance on All Supplies 
O All Inputs Including Clocks TTL-Compatible 

o Unlatched Three-State Fully TTL-Compatible 
Output 

® 3 Performance Ranges: 

ACCESS ACCESS READ READ, 

TIME TIME OR MODIFY 

ROW COLUMN WRITE WRITE f 

ADDRESS ADDRESS CYCLE CYCLE 

(MAX) (MAX) (MIN) (MIN) 

TMS4116-15 150 ns 100 ns 375 ns 375 ns 

TMS4116-20 200 ns 135 ns 375 ns 375 ns 

TI\/1S4116-25 250 ns 165 ns 410 ns 515 ns 

o Page-Mode Operation for Faster Access 
Time 

o Common I/O Capability with "Early Write" 

Feature 

o Low-Power Dissipation 

- Operating 462 mW (Max) 

- Standby 20 mW (Max) 

O 1-T Cell Design, IM-Channel Silicon-Gate 
Technology 

o 16-Pin 300-Mil (7.62 mm) Package 
Configuration 

description 

The TMS4116 series is composed of monolithic high-speed dynamic 16,384-bit MOS random-access memories organiz¬ 
ed as 16,384 one-bit words, and employs single-transistor storage cells and N-channel silicon-gate technology. 

All inputs and outputs are compatible with Series 74 TTL circuits including clocks: Row Address Strobe RAS (or R) 
and Column Address Strobe CAS (or C). All address lines (AO through A6) and data in (D) are latched on chip to simplify 
system design. Data out (Q) is unlatched to allow greater system flexibility. 

Typical power dissipation is less than 350 milliwatts active and 6 milliwatts during standby (Vcc is not required dur¬ 
ing standby operation). To retain data, only 10 milliwatts average power is required which includes the power con¬ 
sumed to refresh the contents of the memory. 

The TMS4116 series is offered in a 16-pin dual-in-line plastic (NL suffix) package and is guaranteed for operation 
from 0°C to 70°C. Package is designed for insertion in mounting-hole rows on 300-mil (7.62 mm) centers. 


1 The term "read-write cycle" is sometimes used as an alternative title to "read-modify-write cycle”. 

Copyright © 1982 by Texas Instruments Incorporated 
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TMS4116 . . . NL PACKAGE 
(TOP VIEW) 


Vbb C 

T1 

Jl6 

D Vss 

DC 

2 

15 

2 CAS 

wQ 

3 

14 


C 

4 

13 

2 A6 

AO C 

5 

12 

] A3 

A2C 

6 

11 

3 A4 

AlC 

7 

10 

3 A5 

Vdd C 

8 

9 

D Vcc 


PIN NOMENCLATURE 

A0-A6 

Addresses 

CAS 

Column Address Strobe 

D 

Data Input 

Q 

Data Output 

RAS 

Row Address Strobe 

Vbb 

— 5-V Power Supply 

Vcc 

+ 5-V Power Supply 

Vdd 

-f 12-V Power Supply 

vss 

Ground 

w 

Write Enable 
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operation 

address (AO through A6) 

Fourteen address bits are required to decode 1 of 16,384 storage cell locations. Seven row-address bits are set up 
on pins AO through A6 and latched onto the chip by the row-address strobe (RAS). Then the se ven column-address 
bits are set up on pins AO through A6 and latched onto the chip by the column-address trobe (CAS). All addresses 
must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates 
the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the 
input and output buffers. 

write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out wiil remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (D) 

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL circuits without a 
pull-up resistor. In an early write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write or read-modify write cycle, CAS will already be low, thus 
the data will be strobed in by W with setup and hold times referenced to this signal. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a read cycle, the output goes active after the enable time interval ta(C) begins with 
the negative transition of CAS as long as tgjR) is satisfied. The output becomes valid after the access time has elaps¬ 
ed and remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early write cycle, 
the output is always in the high-impedance state. In a delayed write or read-modify-write cycle, the output will follow 
the sequence for the read cycle. 

refresh 

A refresh operation must be performed at least every two milliseconds to retain data. Since the output buffer is in 
the high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. 
Strobing each of the 128 row addresses (AO through A6) with RAS causes all bits in each row to be refreshed. CAS 
remains high (inactive) for this refresh sequence, thus conserving power. 

page-mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing suc¬ 
cessive column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses on 
the same page is eliminated. To extend beyond the 128 column locations on a single RAM, the row address and RAS 
is applied to multiple 16K RAMs; CAS is decoded to select the proper RAM. 

power-up 

Vqb must be applied to the device either before or at the same time as the other supplies and removed last. Failure 
to observe this precaution will cause dissipation in excess of the absolute maximum ratings due to internal forward 
bias conditions. This also applies to system use, where failure of the Vbb supply must immediately shut down the 
other supplies. After power up, eight RAS cycles must be performed to achieve proper device operation. 
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logic symbo|1^ 



^ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC, See explanation on page 10-1. 

functional block diagram 



A6 

A5 

A4 

A3 

A2 

A1 

AO 
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) t 


Voltage on any pin (see Note 1) .. 

Voltage on Vcc> Vqd supplies with respect to Vss 

Short circuit output current . 

Power dissipation . 

Operating free-air temperature range . 

Storage temperature range . 


-0.5 V to 20 V 
-1 V to 15 V 

. 50 mA 

. 1 W 

0°Cto70°C 
-65°C to 150‘>C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vgg (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to Vgs- 


recomrfiended operating conditions 


PARAIVIETER 

MIN 

NOM 

MAX 


Supply voltage, V0 b 

-4.5 

-5 

-5.5 

mm 

Supply voltage, Vcc 

4.5 

5 

5.5 

V 

Supply voltage, V^q 

10.8 

12 

13.2 

V 

Supply voltage, Vss 

1 0 ■ 1 

V 

High-level input voltage, V||-| 

All inputs except RAS, CAS, WRITE 

2.4 


7 

V 

RAS, CAS, WRITE 

2.7 


7 

Low-level input voltage, V|l (see Note 21 

-1 

0 

0.8 

V 

Operating free-air temperature, Ta 

0 


70 

“C 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 


electricai characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

ppTni 

VOH 

High-level output voltage 

lOH = -5 mA 

2.4 

BB 

VOL 

Low-level output voltage 

lOL = A.2 mA 

0.4 

iDH 

l| 

Input current (leakage) 

Vi = 0 V to 7 V, 

All other pins = 0 V except Vbb = -5 V 

10 

aA 

'o 

Output current (leakage) 

Vo = 0 to 5.5 V, 

CAS high 

±10 

aA 

WBSxm 

Average operating current 
during read or write cycle 


50 

200 



Minimum cycle time 



'ddi 


27 

35 


law 


After 1 memory cycle 

RAS and CAS high 

10 

100 


'CC2 

Standby current > 

±10 

msm 



0.5 

1.5 

wrrm 

'BB3 


Minimum cycle time 

50 

200 


'CC3 

Average refresh current 

RAS cycling. 

±10 

11^31. 



CAS high 

20 

27 

Kssm 



Minimum cycle time 

50 

200 

■EM 


Average page-mode current 

RAS low. 

45 

|||Q2i!l|||lil 

IdD4 


CAS cycling 

20 

27 

mA 


^ All typical values are at T/^ = 25°C and nominal supply voltages. 

* Vqc is applied only to the output buffer, so Iqq depends on output loading. 
^ Output loading two standard TTL loads. 
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16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

TYP^ 

MAX 


Ci(A) 

Input capacitance, address inputs 

4 

5 


Ci(D) 

Input capacitance, data input 

4 

5 


Ci(RC) 

Input capacitance, strobe inputs 

8 

10 

mm 

Ci(W) 

Input capacitance, write enable input 

8 

10 

mm 

Co 

Output capacitance 

5 

7 

mm 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

TMS4116-15 

TMS4116-20 

TMS4116-25 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

ta(C) Access time from CAS 

Cl = 100 pF, 

Load = 2 Series, 

74 TTL gates 

tCAC 

100 

135 

165 

ns 

'a(R) Access time from RAS 

tRLCL = max. 

Cl = 100 pF, 

Load = 2 Series, 

74 TTL gates 

tRAC 

150 

200 

250 

ns 

Output disable time 

idis(CH) 

Cl = 100 pF, 

Load = 2 Series 

74 TTL gates 

tOFF 

0 40 

0 50 

0 60 

ns 


^ All typical values are at = 25°C and nominal supply voltages. 
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16,384-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

SYMBOL 

TMS4116-15 

TMS4116-20 

TMS4116-25 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

tc(P) Page-mode cycle time 

tpc 

170 

225 

275 

ns 

tc(rd) Read cycle time 

fRC 

375 

375 

410 

ns 

*c(WI Write cycle time 

twc 

375 

375 

410 

ns 

tc(rdW) Read, modify-write cycle time 

tRWC 

375 

375 

515 

ns 

tw(CH) Pulse width, CAS high (precharge time) 

fCP 

60 

80 

100 

■SI 

'w(CL) Pulse width, CAS low 

tCAS 

100 10,000 

135 10,000 

165 10,000 

— 

tw(RH) Pulse width RAS high (precharge time) 

tRP 

100 

120 

150 

M 

tw(RL) Pulse width, RAS low 

tRAS 

150 10,000 

200 10,000 

250 10,000 

— 

^w(W) Write pulse width 

twp 

45 

55 

75 

ns 

Transition times (rise and fall) for 

RAS and C^ 

tT 

3 35 

3 50 

3 50 

ns 

fsu(CA) Column address setup time 

fASC 

-10 

-10 

-10 

ns 

fsu(RA) address setup time 

fASR 

0 

0 

0 

ns 

tsu(D) setup time 

'DS 

0 

0 

0 


fsu(rd) command setup time 

fRCS 

0 

0 

0 

ns 

Write command setup time 
tsu(WCH) ^ high 

fCWL 

60 

80: 

100 

ns 

Write command setup time 
tsu(WRH) before R^ high 

tRWL 

60 

80 

100 

ns 

Column address hold time 
fh(CLCA) ^ 1^^ 

fCAH 

45 

55 

75 

ns 

fh(RA) address hold time 

tRAH 

20 

25 

35 

ns 

Column address hold time 
'^’'R'-CA) afterglow 

fAR 

95 

120 

160 

ns 

fh(CLD) D®ta hold time after CAS low 

tDH 

45 

55 

75 

ns 

fh(RLD) Data hold time after RAS low 

fDHR 

95 

120 

160 

ns 

th(WLD) Data hold time after W low 

tDH 

45 

55 

75 

ns 

fh(rd) Read command hold time 

fRCH 

0 

0 

0 

ns 

Write command hold time 
'►’'CLW) after C^ low 

tWCH 

45 

55 

75 

ns 

Write command hold time 
after R^ low 

tWCR 

95 

120 

160 

ns 

fRLCH Delay time, RAS low to CAS high 

fCSH 

150 

200 

250 

■Si 

fCHRL Delay time, CAS high to RAS low 

tCRP 

-20 

-20 

-20 

ns 

fCLRH Delay time, CAS low to RAS high 

tRSH 

100 

135 

165 


Delay time, CAS low to W low 

tCLWL 

(read, modify-write-cycle only) 

tCWD 

70 

95 

125 

ns 

Delay time, RAS low to CAS low 
fRLCL (maximum value specified only 

to guarantee access time) 

fRCD 

20 50 

25 65 

35 85 

ns 

Delay time, f)AS low to W low 

tRLWL 

(read, modify-write-cycle only) 

tRWD 

120 

160 

200 

ns 

Delay time, W low to CAS low 

twLCL 

(early write cycle) 

twcs 

-20 

-20 

-20 

ns 

trf Refresh time interval 

fREF 

2 

2 

2 

ms 


4-6 


Texas ' 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 






















































































































































TMS4116 

16,384-BiT DYNAMIC RANDOM-ACCESS MEMORY 


read cycle timing 


Ras 


CAS 


ADDRESSES 


W 
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early write cycle timing 


■^L j 

|4-tw(RH)-H 

r tCHRL—>1 


j U— —'h(RLCA)- ^ I I 

th(RA) H i|i«—*t- 'h(CLCA) I j 


ROW COLUMN 


JDONT CARE 




-^sulWCH). 


DON'T CARE. 


(DON'T care; 


I I |4-th(CLW)-^ 

V-f-j-^- 4 

C -|-j lw(W)- ^ 

_• th(WLD)-H 

j H -^h(CLD)- 

-»h{RLD)-H 

VALID DATA 
——tsu(D) 


DON'T CARE) 


.DON'T CARE' 
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write cycle timing 


CAS 


ADDRESSES 


-tc(W)- 


1 


V|H 

V|L 


V|H 

VlL 




r 


■tw(RL)- 


1 




-tRLCL- 


-tCLRH' 


fr 


tCHRL' 


-4 


tsu(RA) 


-^ 

h! 


■ tw(CU- 


tsu(CA) 




I 




■tw(CH)- 




V|H 

V|L 


V|H 

V|L 


th(RA) 

I 


4 -th(RLCA) 

-H 


a 


th(CLCA) 




. th(RLW)- 


M-^su(WCH)-U 11 

M-tsu(WRH) W 


th(CLW)- 


V|H 

V|L 

vqh 

Vql 




1 Ij 

L 

k-th(RLD)—!— 

—tw(W)—1 
k-th(WLD)-H 1 

-th(CLD) 1^ 1 




VALID DATA 


'su(D) 


-*en^' 


t 


I 


tdis(CH) 


^ The enable time (tgp) for a write cycle is equal in duration to the access time from CAS (ta(C)) in a read cycle; but the active levels at the output are invalid. 
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read-write/read-modify-write cycle timing 


' Ml 

I |4-‘h(RLCA)-!-^-H 

-rt-th(RA) I I# - 

W-tsu(RA) —^ 14—^su(CA) 


^ k-tw(RH)-»^ 
|j^—tCHRL-^ 

<1-tw(CH) — 


■th(RLW)- 

I-thlCLW)- 

I-tCLWL- H 


DON’T CARE. 


U_'su(WCH)^ || 

3-tsu(WRH)-W 



DON'T CARE/ 


-^IV-'su(D) 


VALID DATA ,X X Y )DON’T CAREX 


—, - 

)*| w-» 
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p-1- 

#-tRLCL-^ U-M tw(CH) 

_P-tw(CU—_^^|4_tw(CU-^ 


ia)- 4 N— k^f-thic 

I k-!- 

'-hi4 I -*iK- tsu(CA) 


» | |< tsu(( 


ROWVyV COL YYDON'T CAREYY col YYY DON'T care 


h-'CLRH-J 


^*w(RH)^j 


|4-tw(CL)—^ 




)DON'T CARE 


11 |1^ *su(rd) I I I ' 

- ^h(rd)—— I I *h(rd)—J |4- —^ |#—'su(rd) —^ 


[♦-'hlrd) 


DON'T CARE' 


-‘a(R)-M I I 

ta(C)-H ' p-'a(C)—^ I 

»dis(CH) I 1^ 


—ta(C)—^ 
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saajABQ }joddns Ajouja|/\| pue lAIVU oilubuAq 


I I j—* 

I |«-<RLCL-*| L— 

JJ_tw{CL) tw'CU-^ 


l^tw(RH)^| 

•—tCHRL-j 


^h(RA) r iH' 

I U—th(RLCA)— 
iu(RA)>jUi- MK- tsu(C 


th(CLCA) I 




M-tw(CL)—W '' 

||n th(CLCA)| I 

tsu(CA)->|j^ I j j 


ROW COL V\dON'T care ^ COL 


/DON'T CARE 


/DON'T CARE/ 


-th(RLW)-^ 


I -►j<h(CLW)j 

1)—[•—tsu(WCH)— 

.aaattaa'A- II I aaa t : . 


I DON'T CAREJ 


'DON'T CARE> 


'DON'T CARE/ 


J_ _LI 

M-tsu(WRH)- m 

J J 

W-tsu(WCH)—W 

I I 

I |4-M t h(CLW) 

I I I A/'vA/. 


DON'T CARE^ 


tsu(D) 


m j#- H 'v 

tsu(D)-#j I 4 J-I- 
(WLD) I [4 ->1' 


>-♦1 I4-I 


DON'T CAREX^ valid DATA 


VALID DATA Y^DON'T CARE VALID DATA VYvDON'T CARE' 
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CYCLE RATE (& TIME) VS TEMPERATURE 


CYCLE RATE (& TIME) VS MAX SUPPLY 
CURRENT, IddI 


*c(rd) ~ Cycle Time — ns 


*c(rd) — Cycle Time — ns 




103/t(;(rc|) — Cycle Rate — MHz 


375 



103/t(;(rd) ~ Cycle Rate — MHz 


CYCLE RATE (& TIME) VS MAX SUPPLY 
CURRENT, Idd3 

*c(rd) — Cycle Time — ns 



103/tc(f£|) — Cycie Rate — MHz 


PAGE-MODE CYCLE RATE (& TIME) VS 
MAX SUPPLY CURRENT, IqdA 



103/tc(p) — Page-Mode Cycle Rate — MHz 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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Dual Accessability - One Port Sequen¬ 
tial Access, One Port Random Access 

Four Cascaded 64-Bit Serial Shift Registers 
for Sequential Access Applications 

Shift Register Loaded Once Every 64, 128, 
192, or 256 Shift Cycles as Desired by 
User 

Fast Serial Port ... 25 MHz Shift Rate 

TR/QE as Output Enable Allows Direct Con¬ 
nection of D, Q and Address Lines to 
Simplify System Design 

Random Access Port Looks Exactly Like a 
TMS4164 

Separate Serial In and Serial Out to Allow 
Simultaneous Shift In and Out 

65,536 X 1 Organization 

Maximum Access Time from RAS Less 
Than 150 ns 

Minimum Cycle Time (Read or Write) Less 
Than 260 ns 

Long Refresh Period ... 4 Milliseconds 

Low Refresh Overhead Time ... As Low As 
1.6% of Total Refresh Period 

All Inputs, Outputs, Clocks Fully TTL 
Compatible 

3-State Unlatched Outputs for Both Random 
and Serial Access 

Common I/O Capability with "Early Write" 
Feature 

Page-Mode Operation for Faster Access 
Low Power Dissipation ITMS4161-15) 

— Operating ... 175 mW (Typical) 

— Standby ... 40 mW (Typical) 

New SMOS (Scaled-MOS) N-Channel 
Technology 

SOE Simplifies Multiplexing of Video Data 
Streams 


TMS4161 

65,536-BIT MULTIPORT MEMORY 

JULY 1983 


TMS4161 ... ML PACKAGE 
(TOP VIEW) 


SIN 

SCLK 

sol 

D 

W 

RAS 

A6 

A5 

A4 

Vdd 



1 U20 


I] VsS 

3 sour 

3 TR/QE 

3 cas 

Dq 

3 AO 

3 ai 
Da2 
3 A3 
10 11 3A7 


PIN NOMENCLATURE 

A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

D 

Random Access Data-In 

Q 

Random Access Data-Out 

RAS 

Row Address Strobe 

SCLK 

Serial Data Clock 

SIN 

Serial Data-In 

SOE 

Serial Output Enable 

SOUT 

Serial Data-Out 

TR/QE 

Register Transfer/Q Output Enable 

W 

Write Enable 

Vdd 

+ 5-V Supply 

Vss 

Ground 


Available with MIL-STD-883B Processing 
and L(0°C to 70°C), E(-40°C to 85°C), or 
S(-55°C to 100°C) Temperature Ranges in 
the Future 


description 

The TMS4161 is a high-speed, dual-access 65,536-bit dynamic random-access memory. The random-access port 
makes the memory look like it is organized as 65,536 words of one bit each like the TMS4164. The sequential access 
port is interfaced to an internal 256-bit dynamic shift register organized as four 64-bit shift registers which makes 
the memory look like it is organized as up to 256 words of up to 256 bits each which are accessed serially. One, 


I 


PRODUCT PREVIEW 


Copyright ©1983 by Texas Instruments Incorporated 


This document contains information on a product under 
development. Texas instruments reserves the right to 
change or discontinue this product without notice. 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


4-15 


Dynamic RAM and Memory Support Devices 




Dynamic RAM and Memory Support Devices 


TMS4161 

65,536-BIT MULTIPORT MEMORY 



two, three, or four 64-bit shift registers can be sequentially read out depending on a two-bit code applied to the two 
most significant column address inputs. The TMS4161 employs state-of-the-art SMOS (Scaled-MOS) N-channel dou¬ 
ble level polysilicon gate technology for very high performance combined with low cost and improved reliability. 

The TMS4161 features full asynchronous dual access capability except when transferring data between the shift register 
and the memory array. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. Note that the transfer 
of a row of data from the memory array to the shift register also refreshes that row. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address lines and data-in are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The TMS4161 is offered in a 20-pin dual-in-line-plastic package and is guaranteed for operation from 0°C to 70°C. 
Packages are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers. 

random access address space to sequential address space mapping 

The TMS4161 is designed with each row divided into four, 64-column sections. The first column section to be shifted 
out is selected by the two most significant column address bits. If the two bits represent binary 00, then one to four 
registers can be shifted out in order. If the two bits represent binary 01, then only 1 to 3 (the most significant) registers 
can be shifted out in order. If the two bits represent 10, then one to two of the most significant registers can be 
shifted out in order. Finally, if the two bits represent 11 only the most significant register can be shifted out. All registers 
are shifted out with the least significant bit (bit 0) first and the most significant bit (bit 63) last. Note that if the two 
column address bits equal 00 during the last register transfer cycle (TR/QE equal to 0) a total of 256 bits can be se¬ 
quentially read out. 
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functional block diagram 



random access operation 


The TR/QE pin has two functions. First, it selects either register transfer or random-access operation as RAS falls, 
and second, if this is a random-access operation, it functions as an output enable after CAS falls. 

To use the TMS4161 in the random-access mode, TR/QE must be high as RAS falls. Holding TR/QE high disconnects 
the 256 elements of the shift registers from the corresponding 256 bit lines of the memory array. If data is to be 
shifted, the shift registers must be disconnected from the bit lines. Holding TR/QE low enables the 256 switches that 
connect the shift registers to the bit lines and indicates that a transfer will occur between the shift registers an,d one 
of the memory rows. 

Once CAS has been pulled low, TR/QE controls when the data will appear at the Q output (if this is a read cycle). 
Whenever TR/QE is held high, the Q output will be in the high-impedance state. This feature removes the possibility 
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of an overlap between data on the address lines and data appearing on the Q output making it possible to connect 
the address lines to the Q and D lines (Use of this organization prohibits the use of the early write cycle.). 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are set up on 
pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight column-address bits 
are set up on pins AO through A7 and latched onto the chip by the column-address strobe (CAS). All addresses must 
be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 

write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (D) 

Data is written during a write or read-modify-write cycle. The falling edge of CAS or W strobes data into the on-chip 
data latch. This latch can be driven from standard TTL circuits without a pull-up resistor. In an early write cycle, W 
is brought low prior to CAS and the data is strobed in by CAS with setup and hold times referenced to this signal. 
In a delayed write or read-modify-write cycle, CAS will already be low, thus the data will be strobed in by W with 
setup and hold times referenced to this signal. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
as long as CAS or TR/QE is held high. Data will not appear on the output until after both CAS and TR/QE have been 
brought low. In a read cycle, the guaranteed maximum output enable access time is valid only if tCQE 'S greater than 
tcQE MAX, and tRLQ|_ is greater than tpLCL MAX. Likewise, ta(C) MAX is valid only if tpLCL is greater than tRLCL 
MAX. Once the output is valid, it will remain valid while CAS and TR/QE are both low; CAS or TR/QE going high will 
return the output to a high-impedance state. In an early write cycle, the output is always in a high-impedance state. 
In a delayed write or read-modify-write cycle, the output will follow the sequence for the read cycle. In a register 
transfer cycle, the output will always be in a high-impedance state. 

refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output buffer is in 
high-impedance state unless CAS is applied, the RAS only refresh sequence avoids any output during refresh. Strob¬ 
ing each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS can 
remain high (inactive) for this refresh sequence to conserve power. Note that the shift registers are also dynamic storage 
elements and that the data held in the registers will be lost unless SCLK goes high to shift the data one bit position 
or else the data is reloaded from the memory array. See specifications for maximum register data retention times. 

page-mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing suc¬ 
cessive column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for 
the same page is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS 
are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 
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sequential access operation 

TR/QE 

Memory operations involving parallel use of the shift register are first indicated by bringing TR/QE low before RAS 
falls low. This enables the switches connecting the 256 elements of the shift register to the 256 bit lines of the memory 
array. The W line determines whether the data will be transferred from or to the shift registers. 

write enable (W) 

In the sequential access mode, W determines whether a transfer will occur from the shift registers to the memory 
array, or from the memory array to the shift registers. To transfer from the shift registers to the memory array, W 
is held low as RAS falls, and, to transfer from the memory array to the shift registers, W is held high as RAS falls. 
Thus, reads and writes are always with respect to the memory array. The write setup and hold times are referenced 
to the falling edge of RAS for this mode of operation. 


row address (AO through A7) 

Eight address bits are required to select one of the 256 possible rows involved in the transfer of data to or from the 
shift registers. The AO-A7, W, and the TR/QE line are latched on the falling edge of RAS. 

register column address (A7, A6) 



To select one of the four shift registers (transfer from memory to register only), the appropriate 2-bit column address 
(A7, A6) must be valid when CAS falls. However, the CAS and register address signals need not be supplied every 
cycle, only when it is desired to change or select a new register. 

SCLK 


Data is shifted in and out on the rising edge of SCLK. This makes it possible to view the shift registers as though 
it were made of 256 rising edge D flip-flops connected D to Q. The TMS4161 is designed to work with a wide range 
duty cycle clock to simplify system design. Note that data will appear at the SOUT pin not only on the rising edge 
of SCLK but also after an access time of ta(RSO) ffom RAS high during a parallel load of the shift registers. 

SIN and SOUT 

Data is shifted in through the SIN pin and is shifted out through the SOUT pin. The TMS4161 is designed such that 
it requires 0 ns hold time on SIN as SCLK rises. SOUT is guaranteed not to change for at least 8 ns after SLCK rises. 
These features make it possible to easily connect TMS4161s together, to allow SOUT to be connected to SIN, and 
to give external circuitry a full SLCK cycle time to allow manipulation of the serial data. To guarantee proper serial 
clock sequence after power up, a transfer cycle must be initiated before serial data is applied at SIN. 

SOE 

The serial output enable pin controls the impedance of the serial output allowing multiplexing of more than one bank 
of TMS4161 memories into the same external video circuitry. When SOE is at a low logic level, SOUT will be enabled 
and the proper data read out. When SOE is at a high logic level, SOUT will be disabled and be in the high-impedance state. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Voltage on any pin except Vqd and data out (see Note 1) . - 1.5 V to 10 V 

Voltage on Vqd supply and data out with respect to Vss ... “1 Vto6V 

Short circuit output current . 50 mA 

Power dissipation . 1 W 

Operating free-air temperature range . 0°C to 70°C 

Storage temperature range . -65°Cto150°C 


t Stress beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to V 53 . 
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Dynamic RAM and Memory Support Devices 


TMS4161 

65.536-BIT MULTIPORT MEMORY 


recommended operating conditions 


PARAMETER 

MIN 

NOM 

MAX 


Supply voltage, Vdd 

4.5 

5 

5.5 

Oil 

Supply voltage, Vss 

_0_ 1 


High-level input voltage, V|h 



Vdd + 0-3 


Low-level input voltage, V|l (see Note 2) 

-1 


0.8 

■■l 

Operating free-air temperature, T^ 

0 


70 

■EH 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 


eiectrical characteristics over full range of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TMS4161-15 

TMS4161-20 

UNIT 

MIN TYPI MAX 

MIN TYP* MAX 

High-level output 
voltage (Q, SOUT) 

Iqh = -5 mA 

2.4 

2.4 

V 

Low-level output 
voltage (0, SOUT) 

lOL = 4.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, 

Vdd = 5 V, 

All other pins = 0 V 

±10 

±10 

rrA 

Iq Output current (leakage) 

Vq = 0.4 V to 5.5 V, 

Vdd = 5 V 

±10 

±10 

/rA 

Average operating current 
^ during read or write cycle 

tc(rd) = minimum cycle time, 
TR/QE low after RAS falls, ^ 
SCLK and SIN low, 

SOE high 

35 50 

30 45 

mA 

IdD 2^ Standby current 

After 1 — RAS cycle, 

RAS and CAS high, 

SCLK low, 

SIN low, 

SOE high 

8 10 

6 8 

mA 

•ddS Average refresh current 

tc(rd) = minimum cycle time, 
CAS high, 

SCLK low, 

SIN low, 

SOE high, 

TR/QE high 

30 40 

25 35 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle time, 
RAS low, 

CAS cycling, 

TR/QE low after RAS falls,* 
SCLK and SIN low, 

SOE high 

30 40 

20 32 

mA 

II Average shift register 

IDD5 current (includes lDD2i 

RAS high, 

CAS high, 
fc(SCLK) = 100 ns 

16 27 

15 25 

mA 


NOTE: IpDI 'DD5 assume no load on Q and SOUT. Additional information on these parameters on last page, 

t All typical values are at T/\ = 25 °C and nominal supply voltages. 

* See appropriate timing diagram. 

5 V|L > -0.6 V. 

* See power versus cycle time derating curve on last page. 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


capacitance over recommended supply voltage and operating free-air temperature range, f = 1 MHz 


PARAMETER 

Baa 


Esai 

^i|A) 

Input capacitance, address Inputs 

4 

5 

■ail 


Input capacitance, data input 

4 

5 

■91 


Input capacitance, strobe inputs 

8 

10 

PF 


Input capacitance, write enable input 

8 

10 

PF 

Ci(CK) 

Input capacitance, serial clock 

8 

10 

pF 

Ci(SI) 

Input capacitance, serial in 

4 

5 

pF 

Ci(SOE) 

Input capacitance, serial output enable 

4 

5 

■ai 

Ci(TR) 

Input capacitance, register transfer input 

4 

5 


Co(Q) 

Output capacitance, random-access data 

5 

7 

pF 

Co(SOUT) 

Output capacitance, serial out 

5 

7- 

■an 


^ All typical values are at = 25°C and nominal supply voltages. 

switching characteristics over recommended supply voltage range and operating free-air temperature range 
(see figure 1) 



PARAMETER 

TEST CONDITIONS 

ALT. 

TMS4161-15 

TMS4161-20 

UNIT 

SYMBOL 

MIN MAX 

MIN MAX 

■ ^a(C) 

Access time from CAS 

Cl = 100 pF 

^CAC 

100 

135 


ta(QE) 

Access time of Q from 

TR/QE low 

Cl = 100 pF 


40 

40 


ta(R| 

Access time from RAS 

tRLCL = MAX, 

Cl = 100 pF 

tRAC 

150 

200 


ta(RSO) 

SOUT access time from 

RAS high 

Cl = 50 pF 


60 

60 


talSOEi 

Access time from SOE 

low to SOUT 

Cl = 50 pF 


20 

25 

ns 

talSOt 

Access time from SCLK 

Cl = 50 pF 


30 

30 


tdis(CH)^ 

Q output disable time 
from CAS high 


tOFF 

20 

25 


VisIQE)^ 

Q output disable time 
from TR/QE high 



20 

25 


tdis(SOE)* 

Serial output disable time 
from SOE high 



20 

25 



* The maximum values for fdis(QE)' *dis(SOEI defiti® th® httie at which the output achieves the open circuit condition and are not referenced 

to Vqh or Vql- 
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Dynamic RAM and Memory Support Devices 


TMS4161 

65,536-BIT MULTIPORT MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 



TMS4161-15 


MIN MAX 


TMS4161-20 


tc(P) 


'^c(rd) 


tc(W) 


tc(rdW) 


tc(SCLK) 



Page-mode cycle time 


Read cycle time 


Write cycle time 


Read-write/read-modify-write cycle time 


Serial clock cycle time 






Pulse width, RAS high 





tw(W) 

Write pulse width 

iw(CKL) 

Pulse width, SCLK low 

fw(CKH) 

Pulse width, SLCK high 

fw(QE) 

TR/QE pulse width low time 



ALT. 

SYMBOL 


tpc 


tRC 


tWC 


tRWC 


tSCC 


tCP 


»CAS 


tRP 


tRAS 


twp 


Transition times (rise and fall) 

tt - - tT 3 50 3 50 ns 

^ _ RAS, CAS, and SCLK _ [ _ 

tsu(CA) Column address setup time 'ASC 0 0 ns 

^su(RA) Row address setup time tASR 0 0 ns 

W setup time before RAS low 

f<;i](RWl - 0 0 ns 

sumw) THIQE low _^_ 

fsu(D) setup time tog 0 0 ns ■ 

fsu(rd) Read command setup time tRCS 0 0 ns 

Early write command setup time 

^^^<WCL) b3,,,eCASIow _ *WCS -5 _-5_^ 

tsu(WCH) Write command setup time before CAS high tCWL SO f’® 

tsu(WRH) Write command setup time before RAS high fRWL 60 60 ns 

fsu(SI) Serial data setup time before SCLK high 10 10 ns 

fsu(TR) TR/QE setup time before RAS low 0 0 ns 

th(CLCA) Column address hold time after CAS low 'CAH 65 ns 

fhIRA) 6°'''' address hold time iRAH 20 25 ns 

fh(RW) W hold time after RAS low with TR/QE low 20 20 ns 

th(RLCA) Column address hold time after RAS low t/^R 95 140 ns 

Ih(CLD) Data hold time after CAS low toH 60_ 80 ns 

fh(RLD) Data hold time after RAS low iDHR ^^6 ^'*^6 ns 

th(WLD) Data hold time after W low tpH 45 55 ns 

fh(CHrd) R®®d command hold time after CAS high iRCH 0 0 ns 

Ih(RHrd) Read command hold time after RAS high iRRH 6 5 ns 

fh(CLW) Write command hold time after CAS low 'WCH 60 80 ns 

fh(RLW) Write command hold time after RAS low IWCR ^^6 145 ns 

Serial data out hold time after 

IhIRSOI - - 30 30 ns 

mtiau) TR/QE low _ 

lh(SI) Serial data in hold time after SCLK high 0 0 ns 

(continued next page) 

NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and V|(.| min must be met at the 10% 
and 90% points. 

f All cycle times assume tj = 5 ns. 
f Page-mode only. 

^ In a read-modify-write cycle, tQLv^/i_ and tguiyycH) niust be observed. Depending on the user's transition times, this may require additional CAS low 

time (tw(CL))- This applies to page-mode read-modify-write also. _ 

In a read-modify-write cycle, tpLyyL and tgyjyyRHj must be observed. Depending on the user's transition times, this may require additional RAS low 
time (tw(RL)). 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range (continued) 


PARAMETER 

ALT. 

SYMBOL 

TMS4161-15 

TMS4161-20 

UNIT 

MIN MAX 

MIN MAX 

^h(SO) Serial data out hold time after SCLK high 


8 

8 

ns 

fh(TR) TR/QE hold time after RAS low 


20 

20 


*RLCH Delay time, RAS iow to CAS high 

tCSH 

150 

200 

ns 

ICHRL Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLOEH Delay time, CAS low to QE high 


100 

135 

ns 

tCLRH Deiay time, CAS low to RAS high 

tRSH 

100 

135 

ns 

Deiay time, CAS low to W low 
fCLWL (read-modify-write cycle only) 

tCWD 

60 

65 

ns 

Delay time, CAS low to QE low 
tCQE (maximum value specified only 

to guarantee ta(QE) access time) 


60 

95 

ns 

fRHSC Delay time, RAS high to SCLK high 


50 50,000 

50 50,000 

ns 

Delay time, RAS low to CAS low (maximum 

tRLCL 

value specified only to guarantee ta(R)) 

tRCD 

20 50 

25 65 

ns 

Delay time, RAS low to W low 
tRLWL (read-modify-write cycle only) 

tRWD 

110 

130 

ns 

Delay time, SCLK high before 

R^ low with TR/QE low ^ 


10 50,000 

10 50,000 

ns 

trf Refresh time interval 

tREF 

4 

4 

ms 


NOTE; Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and Vm min must be met at the 10% 
and 90% points. 

1 SCLK be high or low during ty^,(RL|. 



PARAMETER MEASUREMENT INFORMATION 


OUTPUT 
UNDER test' 


Rl = 217 n 


;cl 


FIGURE 1 - LOAD CIRCUIT 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


4-23 


Dynamic RAM and Memory Support Devices 






































Dynamic RAM and Memory Support Devices 


TMS4161 

65.536 BIT MULTIPORT MEMORY 


read cycle timing 


RAS 


TR/OE 


-tc(rd)- 


V|H 

V|L 


V|H 




■tw(RU- 


1 


r-' 




-tCLRH- 


-tRLCL- 


-tw(CU- 


-tRLCH- 


rr 


tw(RH) 

‘CHRL 




II 


V. 

l^jc _3ri 

1 1 1 1 •• 

1 

' [♦- th(RLCA) -^ 1 

I I 

1 

\ * th(RA) I - tcLQEH - 

1 

1 1 1 ^ rr'’*'" ! 1 




•‘w(CH)- 


V|H 

V|L 

V|H 

V|L 

VlH 

V|L 


VOH 

VOL 


COLUMN 




■tsu(TR) 


I h - 1 th(CLCA) 11 I 


“1 K 

th(TR) W I* ' I . Ill 

//I \ \!l\r-'il!/// \\v 


*su(rd) 




/\ A A 

DON'T CARE 

VV V 




l^'h(RHrd) 

th(CHfd) 


j^<CQE—^ 


‘a(QE)-U- 
ta(C)- 


I -*dis(QE)- 

I ' 

W-tdis(CH)- 


I 


VALID 




-ta(R|- 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


early write cycle timing 


CAS 


A0-A7 


TR/QE 


w 


D 


VlH 

V|L 


V|H 

V|L 


V|H 

V|L 

V|H 

V|L 

V|H 

V|L 


V|H 

V|L 




VqH 

Vql 


Hl-Z 
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Dynamic RAM and Memory Support Devices 


TMS4161 

65,536-BIT MULTIPORT MEMORY 


write cycle timing 


■ »c(W)- 


RAS 


V|H 

V|L 


V|H . 
V|L 


c 


■ ‘w(RU- 


■»CLRH- 


C 


‘RLCL 


■‘RLCH- 


tsu(RA) 






-tCHRL- 


■‘w(CU- 




1v_ 


■*h(RLCA)- 


I I 


i j 

th{RA) J—M , :k 

I I I —M 


•tw(CH)- 


-tCLQEH- 


TR/QE 


VlH 


V|L 


th(TR)- 


tsu(CA) 


-iA 


':S)£3®£3SXXXSSSMX 

-»| k-tsu(TR) |« ^th(CLCA) | I | 


■*! 


// I 

I 'll 

, I U -'su(WCH) 

' ' h 

[•-1—<h(RLWJ 


tw(QE)- 


I II 


I I 


mu 


'll I 


*su(WRH)- 


4 ! 


V|H 


V|L 


V|H 


V|L 


Vqh 


■»h(CLW)- 

I 
I 


^ ' ‘ 
i I I 


I I I 1* -^»w(W)-»| I I 


A AAA, 

DON'T CARE( 

V V V V 


I If 


-thICLD) 


■th(RLD)- 

I . I 


— 'w(W) 

—'h(WLD)-*J 

1 


*su(D) *1 


VALID DATA 


! ^XXXX>?y0€'’O(XX)< 


I K 


‘CQE- 




»a(QE) 


-4- *clis(QE) 
■tdis(CH) 


VoL 




NOT VALID 




* The enable time (ten) ^ write cycle is equal in duration to the access time from CAS (t 3 (C)) in a read cycle; but the active levels at the output are invalid. 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


read-write/read-modify-write cycle timing 


-»c(rdW)- 


TR/QE 


V|H 

V|L 


V|H 

V|L 


V|H 


V|L 


V|H 


V|L 


}U 


-*w(RL)- 


*RLCL 


-»CLRH- 


c ^ 

-‘w(RH)-»| 


i I- 


-tRLCH - 


I I 

'su(RA) 






-‘CHRL- 


-‘wfCD- 


th(RA) j I W 

I I ' ' 


I 

-th(RLCA)- 


' L 


i 


.-4 


^4 


1 


■*w(CH)- 


tsu(CA) I 


■ ‘CLQEH- 


I I I r| 


<x)i:-i<4 —ixxxx 

XTi^3"$o<xx>or~ 

-H 1^—*su(TR) >1 th(CLCA) 

1 ii 1 

th(TR)- ^ 1 H 1 

1II 1 

__—I—( V.V.r.V. v'vaH— 

tw(QE)—HrH r'7”77-— 


1 1. 


I I 

'su(rd) —-*1 

i I ' 

r -;—r 


■th(RLW)- 


I 


J P 

-tsu(WCH)—H I I 
—*su(WRH)-»| 


V|H 

ViL 




~ A ~ ? ^ A 

DON'T CARE 

/\/\/\/\ 


I C-tCLWL—^ { 

^! t 


*h(CLW) - 


-tw(W)- 


I I 


-‘RLWL- 


■*\ I I 


■»h(RLD)- 


-th(CLD) 


I I • 


I I 
I I 


V|H 

V|L 

Vqh 

Vql 


I ' -Hp^^su(D) 1 i I 

I 1 ‘h(WLD)-}*— ► I -H H-tdis(QE| 


K“ta(QE) 


‘CQE- 


L 


-'a(C) 



. r- tdis(QE| 

|«--*1-tdis(CH) 


> 


-ta(R)- 
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to 

00 



saojAeQ ;joddns Ajouja|/\| pue |/\|VU oiiubuAq 




V|H 


VlL 




tw(RU- 


■ *RLCH ■ 




-J W- 

, U—tRLCL- 


-tcIPl- 


_ V|H-1 

CAS I I 

VlL , I 
th(RA) 


tw(CH) 

tt—*4 

■‘w(CL) 


•I 

»w(RH)-j*- 




I M-»(-»h(CLCA) III I 


-i. 


IRA) [* -»1 I |«-»|-^h(CLCA) I I I I ; I I i ' 

\ p I <h(RLCA)j-H I I fm -•j-thlCLCA) I |« th(CLCA) | I 

tsulRA)-^!^ I -H|^‘su(CA) I — H|^tsu<CA) j | ‘su(CA)-*|j^ I ^ | 


1 




^lr 


r- tCLRH 
I— tw(CL)-^ 

Jfi 


tCHRL 




A0-A7 

VlL 

th(TR)- 

*su(TR)"-^ k— j 

__ViH -T-f 

TR/QE / I 
VlL I 

I 


'I 


M T 


tCLQEH 


I I 

1^ DO 

> 'j 

Til 


ViH-,^ 

W ^ DON 
V,L 


i ,1 

tsu(rd) 

I ! I 


I 

th(CHrd) 


I |i 

I I I 






I ' I I I,' : ’. 

i* i^Ta ^ 

v V vV I I I I 


^su(rd) 




'h(CHrd) 


-H k-ta(QE) 

U—ta(Cl-*4 I 


I I 
I I 

I 




I ! 


thIRHrd) 

•'hlCHrd) 


^sulrd) 


■ta(R)- 


DON'T CARE 

I ^ ^ 

l^ta(C)-^ I 

tdis(CH) ! -I r tdislCH) 


l^talC)-^ 


^/V #V A 7V 7\ 
W DON'T CARE > 
Vi/v V V s/ 


-H k-tdis(QE) 


I 

tdislCH)- 


VOH 


VOL 


VALID ■ ^ ^VALId'^L ^ ^ ^ VALID ^ ^- 


OJ -H 

‘"S 

cn c/3 

CO 4:1 

o 

2 2 


"O 

o 


a 

30 

-< 


NOTE; 


Timing is for non-multiplexed D, Q, and Address lines. 
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i 

•is 

mt/) 

z 




RAS 


V|H 

V|L 




-»w(RL)- 


-»RLCH- 


-Jt- 


-T^ 


U 


-*l r- ' 

I '•-tRLCL-*j 


CAS 


V|H 

ViL 


n , 

thIRA) f t H 


I |«-*h(RLCA) 

tsu(RA) I ^1*7 <su(CA) 

'V|H ■ ' 


h-*C(P) —j-» |«-*CLRH- *\ 

' ‘w(CH)- 4«-n I 1^- 

*1 1 *t—*1 \* - h—*w(CU-»^— 

■aj^j^^wCCLi“*1^1=-^ J-^— 

' f*-^*h(CLCA) 1 I I ! 1 I I j 

LCA)— ** ' I U-H-th(CLCA) !•—4-'h(CLCA) , 


l^tw(RH)-^ 
tCHRL—^ 


—HK"*su{CA) I 


1 I 

'su(CA) -Ik- 

I 


V|L 


_V|H 

TR/QE 

V|L 


V|H 


V|L 


V|H 


VlL 


-1 '•"r 1 ! I I III 





\ -7 \7V"A 

; DON'T CARE 


»h{RLW) 


th{CLW) 


“A A "A 

DON'T CARE 

-\/ \/ .V 


-tsu(WCH) 


SXKSXffiEXEZXET^ 

I I > I > 

. U—tsu(WRH) »| 


th(CLW)- 


-tsu(WCH)—J 

—H I 


• tsu(WRH) 
U—tsu(WCH)-*^ 
'h{CLW)-}-l«-^-►{ 


7^1 ' 1 / /w\A » ^ l 1 

I f 


A- 7TS 


" A A A ' 

DON'T CARE 

■V , V \/i 


t 


- I tw(W)-' j^tw(W)_*^ 

I kT'*’(WLD)-• ' H—*h(WLD) 

k-tsu(D) —H|^tsu(D) 

I ! I 

- ^rTT-K^^ - 

VALID DON'T CARE VALID 


T CARE 


■V.X^ 





Uu(D)-»j 


-tw(W)- 
■ thIWLD) 


kthICLDI- 
»h(RLD)- 


|«—'h(CLD)-^ 




h—'h(CLD)-^ 


NOTE 1: Timing Is for non-multiplexed D, Q and Address lines. 
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O) 

CJl 

w 

O) 


^ CO 

30 O) 
-< -» 


page-mode write cycle timing 




NOTE: 


V,L IV 


S90IA3Q vioddn 3 Ajouja|/\| pue |/\|Vd oilubuAq 

-»w(RLI- 




—*1 1^** \*r 

' f tRLCL-^ 


-»c(P)- 




-tCLRH- 


■*w(CU- 


-*RLCH- 


If 


^ |«_tw(RH) 
k——‘CHRL 


V|H. 


V|L 


\ ^ 

-J- ^1 -twICH)- 

r'''H H— 11 ‘t-H — 


‘h(CLCA)—J*—J 
<h(RLCA)-} " '~ " '* 


th(RA(j--|..-^ 


*sulRA) »jk 
V|H 


<su(CAl 


I h . H <h(CLCA) I I I 


tsuICA) I 


V|L 




Mi 


A 0 -A 7 

V|L 

th(TR) '' 

-"J 1^‘sutTR) 

_V,H^ ' 

TR/QE 


71 ii 

I I -•♦-‘CQE I I 


I I 

II- 


-‘CLQEH- 


tsu(rdl 


I 

I tCLWLk 


I I 
I I 


-iV- 


11 


»su(WCH)-j«-*1 ' »su(rd)-^*( 

I I p-twlWj-H I 'CI-WL 


L . ' " 

U—tsu(WCH)-*J j 


Ml 

11 I 


-*su(WRH) 
tw(W)—H 11 


Idml I |1 ^ 

h -«RLWL - 1 \ I I ! I I \ I 


■«h(RLD(- 


-»h(CLDI 


I —^ j |^«su(Dl I 


II _J I I 

»h(CLD)-H , , 

I • ill 

I -»jt*j-‘su(D) I j [ 




tdis(QE) 



Vqh 

VqL 


Timing is for non-multiplexed D, Q, and Address lines. 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


shift register to memory timing 


VlH- 

V,L 


CAS 


TR/QE 


V|H. 

V|L 


V|H 

V|L 

V|H 

ViL 

V|H 

V|L 

VlH 

V|L 


\ «-tRLCL- 

\\ _ 


■*w(RL)- 


It 


■ tRLCH- 
I 


I I 


.*h(RLCA)- 


^ -twICU—^ 


.ih(CLCA) 


*su(RA)-j 

\. -H 

1 1 1 

|-<h(RA) j 1 

1 -»| U-tsu(CA) j 


ROW 


*su(TR)-U—»{ 1* ^ 

-*li(TR) 1 

_j 

^iTOXXXX X r^7x%0(XXXXX/ 

tsu(RW) p* J . 1 

1 , 1 U -*h(RW) 1 


^ 11 
11 


° : <xxmx)<xxxx^4^wyx)o^)o<:)o<xx)o^ 


SCLK 


V|H 

V|L 

V|H 

V|L 


|*-tWCKH 




■Hl-Z- 


■»CKRL 


■tRHSC 


/l \\\\\\\\\\\\\W^^ 

[♦‘aiSOl-^ l^th,RSO)-i^ taiRsoi-l--•! 


■ tWCKL 


Vqh 


SOUT 


VoL. 


OLD SHIFT 

__A. 


OLD SHIFT REGISTER 
DATA NOT VALID 


X SAME AS Sj* ■ 
OLD SHIFT X 
.. REG , DAT A /\ _ 


NOTES: 


1. The shift register to memory cycle is used to transfer data from the shift register to the memory array. Every one of the 256 locations in the 
shift register is written into the 256 columns of the selected row. Note that the data that was In the shift register may have resulted, either 
from a serial shift in or from a parallel load of the shift register from one of the memory array rows. 

2. SOE assumed low. 

3. SCLK may be high or low during tw(RL). 
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memory to shift register timing 



I I 


SCLK 


SOUT 


VOH 

VoL 

V|H 

V|L. 

VOH 

VoL 


[••tWCKH 


-tCKRL 


I*— ‘a(SO)— *1 k- ‘h(RSO)— H 1 »a(SO)-l< 


j^'RHSC-^ 

_ I J 

p-tWCKL—•j 


■‘a(SO)-^ p— th(RSO)—^ 

OLD SHIFT ^ 

A REG data 


NOT VALID 


H 1^ 


M 

X NEW ROW 

__DATA_7y 


taIRSO) 


NOTES: 1. The memory to shift register cycle is used to load the shift register in parallel from the memory array. Every one of the 256 locations in the 

shift register re written into from the 256 columns of the selected row. Note that the data that is loaded into the shift register may be either 
shifted out or written back into another row. 

2. SOE assumed low. 

3. SCLK may be high or low during t^y^pL)* 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


serial data transfer timing 


‘c(SCLK)- 


SCLK 


V|H 


V|L 


I tw(CKH)-- ■ I 

, f ■ tw(CKU-*1 I I -'w(CKL)-H I 

^C. _S_if 

-*su(SI|-H I h-*su(SI)-H I 


''■H 7 ^ 7V 7T 

SIN DON'T CARE 


V|L 


V|H 


\/ \/ \/ 




»su(SI|-^ I 

-j-Hk-*h(SI) 


VALID I 


*h(SO) 


SOUT 


V|L 


_ V,H 

SOE 

V|L 




H 


-H 

H . 

3CZ 


I [•— ‘h(SI) 


VALID I 




7\ 7 V 7 V ' ; 

T CARE / 
W V 


■ta(SO) 
h »j i - <h(SO) 


BIT N + 1 


ta(SOE) 


H 


tdis(SOE) 


V|H 

TR/Qf 

V|L 


NOTE: While shifting data through the serial shift register, the state of TR/QE is a don't care as long as TR/QE is held high when RAS goes low and tsu(TR) 

and t(,(jR) timings are observed. This requirement avoids the Initiation of a register-to-memory or memory-to-register data transfer operation. The 
serial data transfer cycle is used to shift data in and/or out of the shift register. 
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CAS and register address need not be supplied every cycle, only when it is desired to change or select a new register length. 

NOTES: 1. The shift register to memory multiple cycle is used to write the shift register data to more than one row of the memory array. An application 

of this could be clearing all memory. To do this, the SIN line would be held at 0 to fill all locations in the shift register with O’s. The shift register 
would then be written into all 256 rows of the memory array in 256 cycles. The random output port Q will be in a high-impedance state as 
long as register transfer cycles are selected. 

2. SOE assumed low. 
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CO 
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□0 
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seoiAaa ;joddns Ajolu 8 |/vi pue iaivu ojiueuAG 


U-‘CLRH. 

-«RLCL —<w(CL) -•I 
-IRLCH---J 


-M |iM-<sutRAI I % - /I I 

I I U -<hlRLCA) -H h"" 

»h(RAj-|»j |a-^ |<*y-|-tsu(CA) j 


►j |*|-<su(RAI 
I -U| p—'hIR 


'H t* i~ ^ I I 

I j —'h(RLCA)-pj 
flA)-f— f4 l-l -*4 L|- 'su(CAI I I 


i 1^ 

z 

5! 


I -!•( U_th(RWI 


'h(CLCA) 'sutTR) 


-lilt 


I I 

I *su|RW)-“*l 


J U-L 

I// 


I)-* U } — J U-* 

, -ti r-'hiTRi 

\ 1 I/AAAA7 


;lit 



J-h—1“” 

rT*a(S01 I 


jr^ oiD % 
[shift REG , 
V DATA jt 


NEW ROW 
DATA 


<h(RSOI »alRSOI 


SAME AS 
NEW ROW 
DATA 


* CAS and register address need not be supplied every cycle, only when it is desired to change from one register address to another. 

NOTES: 1. The memory to shift register to memory multiple cycle is used to reorder the rows within the memory array itself. First, the data in a row is 

stored in the shift register and then it is written into other selected rows. The random output port Q will be in a high-impedance state as long 
as register transfer cycles are selected. 

2. SOE assumed low. 
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TMS4161 

65,536-BIT MULTIPORT MEMORY 


IdDI vs. cycle time Idd3 vs. cycle time 



‘clrdl - CYCLE TIME - ns tc(fd) - CYCLE TIME - ns 


'DOS VS. CYCLE TIME 



800 


»c(SCLK) - CYCLE TIME - ns 
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MOS TMS4164. SMJ4164 

LSI 65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 

■ JULY 1980 - REVISED OCTOBER 1983 


65,536 X 1 Organization 

Singie +5-V Supply (10% Tolerance) 

JEDEC Standardized Pin-Out in Dual-ln-Line 
Packages 

Upward Pin Compatible with TMS4116 
(16K Dynamic RAM) 

First Military Version of 64K DRAM 


Available Temperature Ranges: 


- M . 

. . -55°C to 125°C 

- S . . 

. -55°C to 100°C 

- E . . 

. -40°C to 85°C 

- L . . 

. 0°C to 70°C 


Long Refresh Period ... 4 milliseconds 

Low Refresh Overhead Time ... As Low As 
1.8% of Total Refresh Period 

All Inputs, Outputs, Clocks Fully TTL 
Compatible 

3-State Unlatched Output 


TMS4164 . . . NL PACKAGE 
SMJ4164 . . . JD PACKAGE 
(TOP VIEW) 


NC [[ 

w [[ 

AO 

AlC 

Ai: 

vdd C 


1 Ul6 

2 

13 

12 


] vss 

3 CAS 

:o 

D A6 
3 A3 
3A4 
Dab 
3a7 


TMS4164 ... FPL PACKAGE 
(TOP VIEW) 


SMJ4164 . . . FG PACKAGE 
(TOP VIEW) 





• Common I/O Capability with "Early Write" 
Feature 

• Page-Mode Operation for Faster Access 

• Low Power Dissipation 

- Operating ... 125 mW (TYP) 

- Standby ... 17.5 mW (TYP) 

• Performance Ranges (S, E, L Temperature 


Ranges): 

ACCESS 

ACCESS 

READ 

READ- 


TIME 

TIME 

OR 

MODIFY- 


ROW 

COLUMN 

WRITE 

WRITE 


ADDRESS 

ADDRESS 

CYCLE 

CYCLE 


(MAX) 

(MAX) 

(MIN) 

(MIN) 

'4164-12 

120 ns 

70 ns 

230 ns 

260 ns 

'4164-15 

150 ns 

85 ns 

260 ns 

285 ns 

'4164-20 

200 ns 

135 ns 

326 ns 

345 ns 


SMJ4164 . . . FE PACKAGE 
(TOP VIEW) 



• New SMOS (Scaled-MOS) N-Channel 
Technology 

description 

The '4164 is a high-speed, 65,536-bit, dynamic 
random-access memory, organized as 65,536 words 
of one bit each. It employs state-of-the-art SMOS 
(scaled MOS) N-channel double-level polysilicon gate 
technology for very high performance combined with 
low cost and improved reliability. 


PIN NOMENCLATURE 

A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

D 

Data-In 

NC 

No-Connection 

Q 

Data-Out 

RAS 

Row Address Strobe 

Vdd 

-F5-V Supply 

Yss 

Ground 

W 

Write Enable 


ADVANCE INFORMATION 
MILITARY PRODUCTS (SMJ) ONLY 

This document contains information on a new product. 
Specifications are subject to change without notice. 


Copyright © 1983 by Texas Instruments Incorporated 

4-39 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


Texas 

Instruments 


Dynamic RAM and Memory Support Devices 






Dynamic RAM and Memory Support Devices 


TMS4164, SMJ4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 



The '4164 features RAS access times of 120 ns, 150 ns, and 200 ns maximum. Power dissipation is 125 mW typical 
operating and 17.5 mW typical standby. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

Ail inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data-in are latch¬ 
ed on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. Pin 1 has no internal 
connection to allow compatibility with other 64K RAMs that use this pin for an additional function. 

The TMS4164 is offered in a 16-pin dual-in-line plastic package and is guaranteed for operation from 0°C to 70°C. 
This package is designed for insertion in mounting-hole rows on 300 mil (7,62 mm) centers. An 18-pin plastic chip 
carrier (FP suffix) package is also available. 

The SMJ4164 is offered in a 16-pin dual-in-line ceramic sidebraze package (JD) and in leadless ceramic chip carrier 
packages (FE and FG). The JD package is designed for insertion in mounting-hole rows on 300 mil (7,62 mm) centers 
whereas the FE and FG packages are intended for surface mounting on solder lands on 0.050 inch (1,27 mm) centers. 
The FE package offers a three layer, 28-pad, rectangular chip carrier with dimensions of 0.350x0.550x0.072 in¬ 
ches (8,89 X 13,97 X 1,83 mm). The FG package is a three layer, 18-pad, rectangular chip carrier with dimensions 
of 0.290 xO.425 xO.065 inches (7,37 x 10,8 x 1,65 mm). 


operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage cell locations. Eight row-address bits are set up on 
pins AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the eight column-address bits 
are set up on Pins AO through A7 and latched onto the chip by the column-address strobe (CAS). All addresses must 
be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 

write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL ci rcuits 
without a puil-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (D) 

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latch. This latch c an be driven from standard TTL ci rcuits without a 
pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the data is strob ed in by CAS with setup 
and hold times referenced to this signal, (n a delayed write or read-modify write cycle, CAS will already be low, thus 
the data will be strobed in by W with setup and hold times referenced to this signal. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Seri es 54/ 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a read cycle the output goes active after the access time interval ta(C) fhat begins with 
the negative transition of CAS as long as ta(R) is satisfied. The output becomes valid after the access time has elaps¬ 
ed and remains valid while CAS is low; CAS going high returns it to a high-impedance state. In an early-write cycle, 
the output is always in the high-impedance state. In a delayed-write or read-modify-write cycle, the output will follow 
the sequence for the read cycle. 
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TIVIS4164, SMJ4164 
65,538 BIT DYNAMIC RANDOM-ACCESS MEMORY 


refresh 

A refresh operation must be performed at least every four milliseconds to retain data. Since the output buffer is in 
the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output during ref resh. 
Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS 
can remain high (inactive) for this refresh sequence to conserve power. 

page-mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing suc¬ 
cessive column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for 
the same page is eliminated. To extend beyond the 256 column locations on a single RAM, the row address and RAS 
are applied to multiple 64K RAMs. CAS is then decoded to select the proper RAM. 

power-up 

After power-up, the power supply must remain at its steady-state value for 1 ms. In addit ion, RAS must remain high 
for 100 iis immediately prior to initialization. Initialization consists of performing eight RAS cycles before proper device 
operation is achieved. 

logic symbol't' 



^ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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Dynamic RAM and Memory Support Devices 


TMS4164. SMJ4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


functional block diagram 




absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Voltage on any pin except Vdd and data out (see Note 1) . -1.5V to 10V 

Voltage on Vqd supply and data out with respect to Vss .. ”1 Vto6V 

Short circuit output current . 50 mA 

Power dissipation . . 1 W 

Operating free-air temperature range: TMS' .. 0°C to 70°C 

Operating case temperature range: SMJ' - M version . -55°C to 125°C 

- S version . -55°Cto 100°C 

- Eversion . -40°C to 85°C 

Storage temperature range .. -65°Cto150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to Vss- 
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TMS4164 

65,536-BiT DYNAMIC RANDOM-ACCESS MEMORY 


recommended operating conditions 


PARAMETER 

TMS4164 

UNIT 

MIN NOM MAX 

Supply voltage, Vqd 

4.5 5 5.5 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|H 

Vdd = 4.5 V 


V 

Vdd = 5.5 V 


Low-level input voltage, V|L (see Notes 2 and 3) 

-0.6 0.8 

V 

Operating free-air temperature, 

0 70 

°c 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage 

levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at -0.6 V. Test conditions should comprehend this occurrence. 


electricai characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TMS4164-12 

TMS4164-15 

UNIT 

MIN TYpt MAX 

MIN TYP^ MAX 

Vqh High-level output voltage 

lOH = -5 mA 

2.4 

2.4 

V 

Vql Low-level output voltage 

Iql = 4.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, Vdd = 5 V, 

All other pins = 0 V 

±10 

±10 

aA 

Iq Output current (leakage) 

Vo = 0.4 to 5.5 V, 

Vdd = 5 V, 

CAS high 

±10 

±10 

aA 

j Average operating current 

Iddi * 

during read or write cycle 

tc = minimum cycle 

40 48 

35 45 

mA 

(DD2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

3.5 5 

mA 

IdD 3^ Average refresh current 

tc = minimum cycle, 

RAS low, 

CAS high 

28 40 

25 37 

mA 

IdD 4 Average page-mode current 

tc(p) = minimum cycle, 

RAS low, 

CAS cycling 

28 40 

25 37 

mA 


t All typical values are at T/^ = 25 °C and nominal supply voltages. 
* Additional information on last page. 

5 V|L > -0.6 V. 
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Dynamic RAM and Memory Support Devices 


TMS4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TMS4164-20 

UNIT 

MIN TYPt MAX 

Vqh High-level output voltage 

•oh = -5 mA 

2.4 


Vql Low-level output voltage 

Iql = 4.2 mA 

0.4 

HSH 

l| Input current (leakage) 

V| = 0 V to 5.8 V, VpD = 5 V 

All other pins = 0 V 

±10 

aA 

Iq Output current (leakage) 

Vo = 0.4 to 5.5 V, ^ 

Vdd = 5 V, 

CAS high 

±10 

aA 

j Average operating current 

Inni 

during read or write cycle 

Xq = minimum cycle 

27 37 

mA 

IDD2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

mA 

IdD 3^ Average refresh current 

tc = minimum cycle, 

RAS low, 

CAS high 

20 32 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle, 

RAS low, 

CAS cycling 

20 32 

mA 


^ All typical values are at Ta = 25 °C and nominal supply voltages. 
* Additional information on last page. 

5V|l>-0.6V. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

TMS4164 

UNIT 

TYP^ 

MAX 

Ci(A) 

Input capacitance, address inputs 

4 

7 

PF 

Ci(D) 

Input capacitance, data input 

4 

7 

PF 

Ci(RC) 

Input capacitance strobe inputs 

8 

10 

pF 

Ci(W) 

Input capacitance, write enable input 

8 

10 

pF 

Cq 

Output capacitance 

5 

8 

pF 


^ All typical values are at Ta = 25 °C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

TMS4164-12 

TMS4164-15 

UNIT 

MIN MAX 

MIN MAX 

ta(C) Access time from CAS 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

ICAC 

70 

85 

ns 

1a(R) Access time from RAS 

IRLCL = •'^AX, 

Load = 2 Series 74 TTL gates 

IRAC 

120 

150 

ns 

Output disable time 
tdis(CH) (,^5 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

'OFF 

0 40 

0 40 

ns 
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TMS4164 

65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDiTiONS 

ALT. 

TMS4164-20 

UNIT 

SYMBOL 

MIN MAX 

»a(C) 

Access time from CAS 

Cl = 100 pF 

Load = 2 Series 74 TTL gates 

ICAC 

135 

ns 

ta(R) 

Access time from RAS 

IRLCL = max. 

Load = 2 Series 74 TTL gates 

IRAC 

200 

ns 

tdis(CH) 

Output disable time 
after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tOFF 

0 50 

ns 
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TMS4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

TMS4164-12 

TMS4164-15 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

tcIPI 

Page mode cycle time 

*PC 

130 

160 


'c(rd) 

Read cycle time'*' 

tRC 

230 

260 



Write cycle time 

twc 

230 

260 


tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

260 

285 


tw{CH) 

Pulse width, CA'S high (precharge time)* 

tCP 

50 

50 


tw(CU 

Pulse width, CAS low^ 

tCAS 

70 

10,000 

85 

10,000 

IBS! 


Pulse width, RAS high (precharge time) 

tRP 

80 

100 


tw(RL) 


*RAS 

120 

10,000 

150 

10,000 

IQB 

ilKfflllH 

Write pulse width 

twp 

_40_ 

l45_ 


tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 


tsu(CA) 

Column address setup time 

tASC 

-5 

-5 


tsu(RA) 

Row address setup time 

tASR 

0 

0 


tsu(D) 

Data setup time 

tDS 

0 

0 

ns 

^su(rd)' 

Read command setup time 

*RCS 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

*CWL 

50 

50 

ns 

tsu(WRH) 

Write command setup time before RAS high 

tRWL 

50 

50 

ns 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

40 

45 

ns 

th(RA) 

Row address hold time 

tRAH 

15 

20 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

85 

95 

ns 

th(CLD) 

Data hold time after CAS low 

tDH 

40 

45 

ns 

th(RLD) 

Data hold time after RAS low 

tDHR 

85 

95 

ns 

th(WLD) 

Data hold time after W low 

tDH 

40 

45 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

ns 

th(RHrd) 

Read command hold time after RAS high 

tRRH 

5 

5 

ns 

th(CLW) 

Write command hold time after CAS low 

tWCH 

40 

45 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

85 

95 

ns 

tRLCH 

Delay time, RAS low to CAS high 

tCSH 

120 

150 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

tRSH 

60 

100 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

tCWD 

40 

60 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

15 

50 

20 

65 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

tRWD 

85 

100 

ns 

tWLCL 

Delay time, W low to CAS 
low (early write cycle) 

twcs 

-5 

-5 

ns 

trf 

Refresh time interval 

tREF 

4 

4 

ms 



NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and V|n min must be met at the 
10% and 90% points. 

^ All cycle times assume tj = 5 ns. 

* Page mode only. _ 

^ In a read-modify-write cycle, tQLyyL sfd 'sulWCH) fttus* be observed. Depending on the user's transition times, this may require additional CAS low time 

(tw(CL)l- ^bis applies to page mode read-modify-write also. _ 

11n a read-modify-write cycle, tfjLyyL and tsu(vyRH) must be observed. Depending on the user's transition times, this may require additional RAS low time 
(fw(RL))- 
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TMS4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended suppiy voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

TMS4164-20 

UNIT 

SYMBOL 

MIN 

MAX 

tc(P) 

Page mode cycle time 

tpc 

206 

ns 

tc(rd) 

Read cycle time^ 

tRC 

326 

ns 


Write cycle time 

fwc 

326 

||[QIH 

tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

345 

ns 

tw(CHI 

Pulse width, CAS high (precharge time)^ 

tCP 

80 

BSH 


Pulse width, CAS low^ 

tCAS 

135 

10,000 


twIRHI 

Pulse width, RAS high (precharge time) 

tRP 

120 

ns 

tw(RU 


tRAS 

200 

10,000 

ns 

tw(W) 

Write pulse width 

twp 

55 


h 


tT 

3 

50 

ns 

tsu(CA) 

Column addresassetup time 

tASC 

-5 



Row address setup time 

tASR 

0 


tsu(D) 

Data setup time 

tDS 

0 

ns 

tsu(rd) 

Read command setup time 

IRCS 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

tCWL 

60 

ns 

lil^9ffl!l!H 

Write command setup time before RAS high 

fRWL 

60 


th(CLCA) 

Column address hold time after CAS low 

tCAH 

55 

ns 

th(RA) 

Row address hold time 

tRAH 

25 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

120 

ns 

th(CLD) 


tDH 

55 


th(RLD) 

Data hold time after RAS low 

tDHR 

145 


th(WLD) 

Data hold time after W low 

tDH 

55 


th(CHrd) 

Read command hold time after CA^ high 

tRCH 

0 


th(RHrd) 

Read command hold time after RAS high 

tRRH 

5 

IIIIQB 

th(CLW) 

Write command hold time after CAS low 

twCH 

55 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

145 


tRLCH 

Delay time, RAS low to CAS high 

tCSH 

200 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 


tCLRH 

Delay time, CAS low to RAS high 

tRSH 

135 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

tCWD 

65 

ns 


Delay time, RAS low to CAS iow 





tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

25 

65 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

tRWD 

130 

ns 

tWLCL 

Delay time, W low to CAS 
low (early write cycle) 

twcs 

-5 

ns 

trf 

Refresh time interval 

tREF 

4 

ms 



NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V||_ max and Vj^ min must be met at the 
10% and 90% points. 

^ All cycle times assume t^ = 5 ns. 

* Page mode only. _ 

^ In a read-modify-write cycle, t^LyyL 1su(WCHI >tiost be observed. Depending on the user's transition times, this may require additional CAS low time 
(twiCL)!- applies to page mode read-modify-write also. 

11n a read-modify-write cycle, tRLWL Isu(WRH) >tiust be observed. Depending on the user's transition times, this may require additional RAS low time 
(*w(RL)>- 
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Dynamic RAM and Memory Support Devices 


SMJ4164 

65,536-BiT DYNAMIC RANDOM-ACCESS MEMORY 


recommended operating conditions 


PARAMETER 

SMJ4164 

UNIT 

M VERSION 

S VERSION 

E VERSION 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vpo 

4.5 5 5.5 

4.5 5 5.5 

4.5 5 5.5 

V 

Supply voltage, Vgs 

0 

0 

0 


High-level input 
voltage, V|H 




V 

Low-level input 
voltage, V|l 
( see Notes 2 and 3) 

-0.6 0.8 


-0.6 0.8 

V 

Operating case 
temperature, 

-55 125 

-55 100 

-40 85 

°c 


NOTES: 2. The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for iogic voltage 

levels only. 

3. Due to input protection circuitry, the applied voltage may begin to clamp at -0.6 V. Test conditions should comprehend this occurrence. 



eiectrical characteristics over fuli ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

SMJ4164-15 

SMJ4164-20 

UNIT 

M VERSION 

M VERSION 

MIN TYPl^ MAX 

MIN TYPt MAX 

'^OH High-level output voltage 

•oh = - 5 mA 

2.4 

2.4 

V 

Vql Low-level output voltage 

•OL = A.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0Vto 5.8 V, Vod = A.5 V 
to 5.5 V, output open 

±10 

±10 

pA 

Iq Output current (leakage) 

Vo = 0 V to 5.5 V, 

Vdd = 5 V, 

CAS high 

±10 

±10 

aA 

, ^ Average operating current 

•DDl^ . 

during read or write cycle 

tg = minimum cycle 

48 

45 

mA 

IdD 2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

7 

7 

mA 

IdD 3^ Average refresh current 

tc = minimum cycle, 

RAS low, 

CAS high 

40 

37 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle, 

RAS low, 

CAS cycling 

40 

37 

mA 


* Additional information on last page. 
5 V|l > -0.6 V. 
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SIV1J4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

SMJ4164-12 

SMJ4164-15 

UNIT 

S,E VERSIONS 

S,E VERSIONS 

MIN TYpt MAX 

MIN TYPt MAX 

VqH High-level output voltage 

Iqh = -5 mA 

2.4 

2.4 

V 

Vql Low-level output voltage 

lOL = 4.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, Vdd= 4.5 V 
to 5.5 V, output open 

±10 

±10 

aA 

Iq Output current (leakage) 

Vo = 0 V to 5.5 V, 

Vdd = 5 V, 

CAS high 

±10 

±10 

aA 

j Average operating current 

during read or write cycle 


40 48 

35 45 

mA 

IdD 2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

3.5 5 

mA 

IDD3^ Average refresh current 

tj; = minimum cycle, 

RAS low, 

CAS high 

28 40 

25 37 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle, 

RAS low, 

CAS cycling 

28 40 

25 37 

mA 



^ All typical values are at Tq = 25°C and nominal supply voltages. 
* Additional information on last page. 

5 V|L > -0.6 V. 
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Dynamic RAM and Memory Support Devices 


SMJ4164 

65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


electrical characteristics over foil ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

SMJ4164-20 

UNIT 

S,E VERSIONS 

MIN TYPt MAX 

Vqh High-level output voltage 

•oh = -5 rtiA 

2.4 

■■ 

Vql Low-level output voltage 

Iql = A.2 mA 

0.4 


l| Input current (leakage) 

V| = 0 Vto 5.8 V, Vdd=A- 5 V 
to 5.5 V, output open 

±10 

aA 

Iq Output current (leakage) 

Vo = 0 V to 5.5 V, 

Vqd = 5 V, 

CAS high 

±10 

aA 

Average operating current 
during read or write cycle 

tc = minimum cycle 

27 37 

mA 

IDD2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

mA 

IdD 3* Average refresh current 

tc = minimum cycle, 

RAS low, 

CAS high 

20 32 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle, 

RAS low, 

CAS cycling 

20 32 

mA 


^ All typical values are at = 25‘’C and nominal supply voltages. 
* Additional information on last page. 

5 V|L > -0.6 V. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

SMJ4164 

UNIT 

TYPt 

MAX 

Ci(A) 

Input capacitance, address inputs 

4 

7 

pF 

Ci(D) 

Input capacitance, data input 

4 

7 

PF 

Ci(RC) 

Input capacitance strobe inputs 

8 

10 

pF 

Ci(W) 

Input capacitance, write enable input 

8 

10 

pF 

Co 

Output capacitance 

5 

8 

pF 


^ All typical values are at = 25 °C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

SMJ4164-15 

SMJ4164-20 

UNIT 

M VERSION 

M VERSION 

MIN MAX 

MIN MAX 

ta(C) Access time from CAS 

Cl = 80 pF, 
see Figure 1 

tCAC 

100 

135 

ns 

'a(R) Access time from RAS 

tRLCL = •'^AX, 
see Figure 1 

IRAC 

150 

200 

ns 

Output disable time 

tdis(CH) 

Cl = 80 pF, 
see Figure 1 

tOFF 

0 50 

0 60 

ns 
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SMJ4164 

65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

SMJ4164-12 

SMJ4164-15 

UNIT 

S.E VERSION 

S.E VERSIONS 

MIN MAX 

MIN MAX 

t 3 (C) Access time from CAS 

Cl = 80 pF, 
see Figure 1 

tCAC 

70 

85 

ns 

*a(R) Access time from RAS 

tRLCL = 
see Figure 1 

tRAC 

120 

150 

ns 

Output disable time 
tdis(CH) ^ 

Cl = 80 pF, 
see Figure 1 

tOFF 

0 40 

0 40 

ns 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

SMJ4164-20 

S.E VERSION 

MIN MAX 

UNIT 

t 3 (C) Access time from CAS 

Cl = 80 pF, 
see Figure 1 

tCAC 

135 

ns 

ta(R) Access time from RAS 

tRLCL = max, 
see Figure 1 

tRAC 

200 

ns 

Output disable time 

tdis(CH) 

Cl = 80 pF, 
see Figure 1 

tOFF 

0 50 

ns 


\ 
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Dynamic RAM and Memory Support Devices 








































Dynamic RAM and Memory Support Devices 


SMJ4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended suppiy voltage range and operating free-air temperature range 




ALT. 

SYMBOL 

SMJ4164-15 

SMJ4164-20 



PARAMETER 

M VERSION 

M VERSION 

UNIT 



Mm 

MAX 




HiSHH 

Page mode cycle time 

tpc 

160 

225 


^c(rd) 

Read cycle time^^ 

fRC 

330 

410 



Write cycle time 

twc 

330 

410 


tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

345 

425 

■B 

tw(CH) 

Pulse width, CAS high (precharge time)^ 

tCP 

50 

80 


tw(CL) 


tCAS 

100 

1,500 

■E3 



tw(RH) 

Pulse width, RAS high (precharge time) 

fRP 

160 

200 


tw(RL) 


tRAS 

150 

1,500 

200 

1,500 


tw(W) 

Write pulse width 

'WP 

45 

55 


tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

20 

3 

20 

HISH 

tsu{CA) 

Column address setup time 

tASC 

0 

0 

■iB 

tsu(RA) 

Row address setup time 

fASR 

5 

5 

■iLH 

tsu(D) 

Data setup time 

fDS 

0 

0 

ns 

*su(rd) 

Read command setup time 

tRCS 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

tCWL 

60 

80 

ns 

tsu(WRH) 

Write command setup time before RAS high 

tRWL 

60 

80 

ns 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

60 

70 

ns 

th(RA) 

Row address hold time 

fRAH 

20 

25 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

95 

140 

ns 

th(CLD) 

Data hold time after CAS low 

tDH 

70 

90 

ns 

th{RLD) 

Data hold time after RAS low 

tDHR 

125 

160 

ns 

th(WLD) 

Data hold time after W low 

tDH 

50 

60 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

ns 

thIRHrdI 

Read command hold time after RAS high 

tRRH 

5 

5 

ns 

th(CLW) 

Write command hold time after CAS low 

fWCH 

70 

90 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

125 

160 

ns 

tRLCH 

Delay time, RAS low to CAS high 

tCSH 

150 

200 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

tRSH 

100 

135 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

fCWD 

60 

65 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

20 

50 

25 

65 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

fRWD 

110 

130 

ns 

tWLCL 

Delay time, W low to CAS 
low (early write cycle) 

twcs 

5 

5 

ns 

trf 

Refresh time interval 

tREF 

4 

4 

ms 



NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and V|h min must be met at the 
10% and 90% points. 

^ All cycle times assume tj = 5 ns. 

* Page mode only. _ 

® In a read-modify-write cycle, tQLyyL *su(WCH) must be observed. Depending on the user's transition times, this may require additional CAS low time 

(tw(CL)*' applies to page mode read-modify-write also. _ 

f In a read-modify-write cycle, tpLyyL ^^d tjujyyRH) must be observed. Depending on the user's transition times, this may require additional RAS low time 
(tw(RL)>- 
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SMJ4164 

65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 




ALT. 

SYMBOL 

SMJ4164-12 

SMJ4164-15 



PARAMETER 

S,E VERSIONS 

S,E VERSIONS 

UNIT 



MIN 

MAX 

MIN 

MAX 


tc(P) 

Page mode cycle time 

tpc 

130 

160 



Read cycle time^ 

tRC 

230 

260 



Write cycle time 

twc 

230 

260 


tcIrdWI 

Read-write/read-modify-write cycle time 

*RWC 

260 

285 


tw(CH) 

Pulse width, CAS high (precharge time)* 

fCP 

50 

50 

ns 

tw(CL) 

Pulse width, CAS low 5 

*CAS 

70 

10,000 

85 

10,000 

ns 

tw(RH) 

Pulse width, RAS high (precharge time) 

tRP 

80 

100 

ns 

tw(RU 

■Jiiiyinwi'M-.' II 

tRAS 

120 

10,000 

150 

10,000 

ns 


Write pulse width 

twp 

40 

45 

ns 

tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 

ns 

tsu(CA) 

Column address setup time 

tASC 

-5 

-5 


tsu(RA) 

Row address setup time 

tASR 

0 

0 


tsu(D) 

Data setup time 

Ids 

0 

0 



Read command setup time 

tRCS 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

fCWL 

50 

50 

ns 

tsu(WRH) 

Write command setup time before RAS high 

fRWL 

50 

50 

B!S 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

40 

45 

I^Bi 

th(RA) 

Row address hold time 

fRAH 

15 

20 


th(RLCA) 

Column address hold time after RAS low 

fAR 

85 

95 

^^B 

th(CLD) 


fDH 

40 

45 

ns 

th(RLD) 


tDHR 

85 

95 

HOB 

th(WLD) 


tDH 

40 

45 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

^BIB 

th(RHrd) 

Read command hold time after RAS high 

tRRH 

5 

5 

bssh 

th(CLW) 

Write command hold time after CAS low 

tWCH 

40 

45 


th(RLW) 

Write command hold time after RAS low 

tWCR 

85 

95 

bsb 

tRLCH 

Delay time, RAS low to CAS high 

fCSH 

120 

150 

BS^I 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

fRSH 

60 

100 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

tCWD 

40 

60 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

15 

50 

20 

65 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

tRWD 

85 

100 

ns 

tWLCL 

Delay time, W low to CAS 
low (early write cycle) 

twcs 

-5 

-5 

ns 

trf 

Refresh time interval 

tREF 

4 

4 

ms 


NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and V|h nnin must be met at the 
10% and 90% points. 

^ All cycle times assume t^ - 5 ns. 

^ Page mode only. _ 

^ In a read-modify-write cycle, tQ|_yy[_ and tnust be observed. Depending on the user's transition times, this may require additional CAS low time 

(tyn,(CL)l* This applies to page mode read-modify-write also. _ 

11n a read-modify-write cycle, tp|_yy|^ and tsu(WRH) niust be observed. Depending on the user's transition times, this may require additional RAS low time 

*tw(RU*- 
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Dynamic RAM and Memory Support Devices 


SMJ4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


timing requirements over recommended supply voltage range and operating free-air temperature range 




ALT. 

SYMBOL 

SMJ4164-20 



PARAMETER 

S,E VERSIONS 

UNIT 



MIN 

MAX 



Page mode cycle time 

tpc 

206 



Read cycle time^ 

tRC 

326 

■91 


Write cycle time 

fwc 

326 


tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

345 


tw(CH) 

Pulse width, CAS high (precharge time)^ 

fCP 

80 



Pulse width, CAS low® 

tCAS 

135 

10,000 


twIRH) 

Pulse width, RAS high (precharge time) 

fRP 

120 


tw(RL) 

Pulse width, RAS lowl 

tRAS 

200 

10,000 



Write pulse width 

twp 

55 

MBN 

tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

■SSI 

tsu(CA) 

Column address setup time 

tASC 

-5 

■91 

tsu(RA) 

Row address setup time 

tASR 

0 


tsu(D) 

Data setup time 

tDS 

0 

ns 

^sulrd) 

Read command setup time 

IRCS 

0 

ns 

tsu(WCH) 

Write command setup time before CaS high 

tCWL 

60 

ns 

tsu(WRH) 

Write command setup time before RAS high 

tRWL 

60 

ns 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

55 

ns 

th(RA) 

Row address hold time 

tRAH 

25 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

120 

ns 

th(CLD) 

Data hold time after CAS low 

tDH 

55 

ns 

th(RLD) 

Data hold time after RAS low 

tDHR 

145 

ns 

th(WLD) 

Data hold time after W low 

tDH 

55 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

ns 

th(RHrd) 

Read command hold time after RAS high 

fRRH 

5 

ns 

th(CLW) 

Write command hold time after CAS low 

fWCH 

55 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

145 

ns 

tRLCH 

Delay time, RAS low to CAS high 

tCSH 

200 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

ns 

tCLRH 

■ Delay time, CAS low to RAS high 

tRSH 

135 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

tCWD 

65 

ns 


Delay time, RAS low to CAS low 





tRLCL 

(maximum value specified only 
to guarantee access time) 

fRCD 

25 

65 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

fRWD 

130 

ns 

tWLCL 

Delay time, W low to CAS 
low (early write cycle) 

twcs 

-5 

ns 

trf 

Refresh time interval 

tREF 

4 

ms 


NOTE: Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and V|n min must be met at the 
10% and 90% points. 

^ All cycle times assume t^ == 5 ns. 

^ Page mode only. _ 

^ In a read-modify-write cycle, tcLWL 'su(WCH) must be observed. Depending on the user's transition times, this may require additional CAS low time 

(tw(CL)l- applies to page mode read-modify-write also. _ 

f In a read-modify-write cycle, IrlwL *su(WRH) must be observed. Depending on the user's transition times, this may require additional RAS low time 
(*w(RL)l- 
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TMS4164, SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


PARAMETER MEASUREMENT INFORMATION 


OUTPUT 

UNDER 

TEST 


1.31 V 



FIGURE 1 - LOAD CIRCUIT 


read cycle timing 



RAS 


CAS 


A0-A7 
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Dynamic RAM and Memory Support Devices 


TMS4164, SMJ4164 

65.536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


early write cycle timing 


-Hr- \ 

I [♦-tRLCL-H 

I I - I 


—H j^tsu(CA) 
■th(RLCA) H 

I I L__ 


{♦-twIRH)- 




• DON'T CAREC 


' DON'T care] 


K-j-j-tsu(WCH) — 

h , . -tsu(WRH) 

■^1 -r»h(RLW)- 

I H-th(CLW)- 

f*—j-th(WLD)- 

I -»h(CLD)- 

-fthCRLD)- 

VALID DATA 


.DON'T CAREX 


; DON'T CARE> 
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TMS4164, SMJ4164 
65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


write cycle timing 


•tc(W)- 


RAS 


CAS 


AO-A7 


■*w(RU" 


V|H 

V|L 


V|H 

V|L 


V|H 

V|L 




■tt 

■tRLCL 


H1 • 

4^^ 


-tCLRH- 


j«-tw(RH)- 
■tCHRL"^ 


I I 


tsu(RA) 

I 

I 

th{RA) 


-1 IV 


-tRLCH- 




■tw(CL)- 



I 

th(RLCA)- 

I u 

I 


■tsu(CA) 




iir 


tw(CH)- 


•th(CLCA) 


COLUMN 


I H-tsu(WCH)—H H 

I h-^su(WRH)- 

th(RLW)-^-•] I 





( 


< 


^ The enable time (tgr,) for a write cycle is equal in duration to the access time from CAS (tajC)! in a read cycle; but the active levels at the output are invalid. 
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Dynamic RAM and Memory Support Devices 


TMS4164, SMJ4164 

65,536-BIT DYNAMIC RANDOM-ACCESS MEMORY 


read-write/read-modify-write cycle timing 


RAS 


CAS 


A0-A7 


■ tc(rdW)- 


V|H 

V|L 


V|H 

V|L 

V|H 

V|L 


V|H 

V|L 


V|H 

V|L 

vqh 

Vql 


-y: 


•tw(RU‘ 


Jf K 


h— 


-tCLRH- 


■♦I l**tw(RH)"*| 


tRLCL- 


-twICU- 




-tRLCH ' 


M If—'CHRL—*! 
^ 'I 


■ Ih(RLCA) 


I I 


J* 

K^suIRA) 

L. 


•l-th(RA) 




ROW 


■J 

'K—t 
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NOTE: 
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A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications 
are not violated. 
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NOTE: 


A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not 
violated. 
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NOTE: A read or a write cycle can be intermixed with read-modify-write cycles as long as the read and write timing specifications are not violated. 
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LSI 


TMS4256, TMS4257 
262,144 BIT DYNAMIC RANDOM-ACCESS MEMORIES 

MAY 1983 - REVISED JANUARY 1984 


262,144 X 1 Organization 

Single +5-V Supply (10% Tolerance) 


TMS4256, TMS4257 . . . JL OR NL PACKAGE 
(TOP VIEW) 


JEDEC Standardized Pin Out 

Upward Pin Compatible with TMS4164 
(64K Dynamic RAM) 


• Performance Ranges: 


DEVICE 

ACCESS 

TIME 

ROW 

ADDRESS 

(MAX) 

ACCESS 

TIME 

COLUMN 

ADDRESS 

(MAX) 

READ 

OR 

WRITE 

CYCLE 

(MIN) 

TMS4256-10 

TMS4257-10 

100 ns 

50 ns 

200 ns 

TMS4256-12 

TMS4257-12 

120 ns 

60 ns 

230 ns 

TMS4256-15 

TMS4257-15 

150 ns 

75 ns 

260 ns 

TMS4256-20 

TMS4257-20 

200 ns 

100 ns 

330 ns 


A8 Z 

w Z 

Z 

AOC 

A2C 

AlC 

vddC 


1 Ul6 

2 15 


J VSS 

3 CAS 

:q 

3 A6 
3 A3 
3 A4 
3 a 5 
Da 7 



PIN NOMENCLATURE 

A0-A8 

Address Inputs 

CAS 

Column Address Strobe 

D 

Data-In 

Q 

Data-Out 

RAS 

Row Address Strobe 

W 

Write Enable 

Vdd 

-1- 5-V Supply 

vss 

Ground 



• Long Refresh Period ... 4 ms (MAX) 

• Low Refresh Overhead Time ... As Low As 1.3% of Total Refresh Period 

• On-Chip Substrate Bias Generator 

• All Inputs, Outputs, arid Clocks Fully TTL Compatible 

• 3-State Unlatched Output 

• Common I/O Capability with "Early Write" Feature 

• Page ('4256) or Nibble-Mode ('4257) Options for Faster Access Operation 

• Power Dissipation As Low As: 

Operating . . . 225 mW (TYP) 

Standby ... 12.5 mW (TYP) 

• RAS-Only Refresh Mode 

• Hidden Refresh Mode 

• CAS-Before-RAS Refresh Mode (Optional) 

• Available with MIL-STD-883B Processing and L|0°C to 70°C), E(—40°C to 85°C), or S(-55°C to 
100°C) Temperature Ranges in the Future 


description 

The '4256 and '4257 are high-speed, 262,144-bit dynamic random-access memories, organized as 262,144 words 
of one bit each. They employ state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology 
for very high performance combined with low cost and improved reliability. 

These devices feature maximum RAS access times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation 
is as low as 225 mW operating and 12.5 mW standby. 

New SMOS technology permits operation from a single + 5-V supply, reducing system power supply and decoupling 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


, Texas 
Instruments 


Copyright © 1984 by Texas Instruments Incorporated 
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Dynamic RAM and Memory Support Devices 


TMS4256. TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


requirements, and easing board layout. Iqd peaks are 150 mA typical, and a — 1-V input voltage undershoot can be 
tolerated, minimizing system noise considerations. 


All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The '4256 and '4257 are offered in a 16-pin dual-in-line ceramic or plastic package and are guaranteed for operation 
from 0°C to 70°C. These packages are designed for insertion in mounting-hole rows on 300 mil (7,62 mm) centers. 

operation 



address (AO through A8) 

Eighteen address bits are required to decode 1 of 262,144 storage cell locations. Nine row-address bits are set up 
on pins AO through A8 and latched onto the chip by the row-address strobe (RAS). Then the nine column-address 
bits are set up on Pins AO through A8 and latched onto the chip by the column-address strobe (CAS). All addresses 
must be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates 
the sense amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the 
input and output buffers. 

write enable (W) 

The read or write mode is selected through the-write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (D) 

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latch. This latch can be driven from standard TTL circuits without a 
pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write or read-modify write cycle, CAS will already be low, thus 
the data will be strobed in by W with setup and hold times referenced to this signal. 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Series 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a read cycle the output goes active after the access time interval ta(C) that begins with 
the negative transition of C AS as long as ta(R) is satisfied. The output becomes valid after the access time has elaps¬ 
ed and remains valid while CAS is low; CAS going high returns it to a high-impedance state. In a delayed-write or 
read-modify-write cycle, the output will follow the sequence for the read cycle. 

refresh 

A refresh operation must be performed at least once every four milliseconds to retain data. This can be achieved by 
st robin g each of the 256 rows (A0-A7). A nor mal re ad or write cycle will refresh all bits in each row that is selected. 
A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving power as the output 
buffer remains in the high-impedance state. Hidden refresh may be performed while maintaining valid data at the out¬ 
put pin. This is accomplished by holding CAS at V|l after a read operation and cycling RAS after a specified pre-charge 
period, similar to a "RAS-only" refresh cycle. 

CAS-before-RAS refresh (optional) 

The optional CAS-before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tcLRL) ^^d holding 
it low after RAS falls (see parameter tpLCHRl- f^or successive CAS-before-RAS refresh cycles, CAS can remain low 
while cycling RAS. The external address is ignored and the refresh address is generated internally. For devices with 
this option, the external address is also ignored during the hidden refresh cycles. 
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page-mode (TMS4256) 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing random 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for the same 
page is eliminated. The maximum number of columns that can be addressed is determined by tw(RL). the maximum 
RAS low pulse width. For example, with a minimum cycle time (tc(P) = 100 ns) approximately 100 of the 512 col¬ 
umns specified by column AO to column A8 can be accessed. Row A8 provided in the first page cycle, specifies which 
group of 512 columns, out of the 1024 internal columns is to be paged. 

nibble-mode (TMS4257) 

Nibble-mode operation allows high-speed serial read, write, or read-modify-write access of 1 to 4 bits of data. The 
first bit is accessed in the normal mann er wi th rea d data coming out at ta(C) time. The next sequential nibble bits 
can be read or written by cycling CAS while RAS remains low. The first bit is determined by the row and column 
addresses, which need to be supplied only for the first access. Row A8 and column A8 provide the two binary bits 
for initial selection, with row A8 being the least significant address. Thereafter, the falling edge of CAS wiil access 
the next bit of the circular 4-bit nibble in the foilowing sequence: 

I-»-(0,0)-»«(0,1)-►(1,0)-►() ,1) 


In nibble-mode, all normal memory operations (read, write, or ready-modify-write) may be performed in any desired 
combination. 



power-up 

To achieve proper device operation, an initial pause of 200 is required after power up followed by a minimum of 
eight initialization cycles. 


logic symbol^ 


AO 

Ai 

A2 

A3 

A4 

AS 

A6 

A7 

AS 


RAS 


(5) 


(7) 


(6) 

(12) . 

(Ill 

(10) 

(13) 

(9) 

(1) 





(4) ^ 

r ■ ■ 




(15) ^ 


(3) , 



(2) 



RAM 256K X 1 

20D9/21D0 


>A 


262143 


20D17/2 IDS 
>C20[ROW1 
G23/IREFRESH ROW] 
24(PWR OWN] 


G24 


23,21D 


> 23C22 
24EN 


A,22D 


AV 


114) 


^ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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TMS4256, TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


functional block diagram 



AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 


AS 


HAS CAS W 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)'!' 


Voltage on any pin including Vdq supply (see Note 1) 

Short circuit output current . 

Power dissipation . .. 

Operating free-air temperature range . 

Storage temperature range .. 


-1 V to 7 V 

. 50 mA 

. 1 W 

0‘>Cto70°C 
-65°C to 150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


NOTE 1: All voltage values in this data sheet are with respect to Vgs- 


recommended operating conditions 


PARAMETER 

MIN NOM MAX 

UNIT 

Supply voltage, Vdd 

4.5 5 5.5 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|(-| 

2.4 Vdd + 0.3 

V 

Low-level input voltage, V|l (see Note 2) 

-1 0.8 

V 

Operating free-air temperature, Ta 

0 70 

°C 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as maximum, is used in this data sheet for logic voltage levels only. 
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electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST 

CONDITIONS 

TMS4256-10 

TMS4257-10 

TMS4256-12 

TMS4257-12 

UNIT 

MIN TYPT MAX 

MIN TYP^ MAX 

Vqh High-level output voltage 

IqH = -5 mA 

2.4 

2.4 

V 

Vql Low-level output voltage 

Iql = 4.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, Vdd = 5 V, 
All other pins = 0 V to 5.8 V 

±10 

±10 

mA 

Iq Output current (leakage) 

Vq = 0 V to 5.5 V, 

VPD = 5 V. 

CAS high 

±10 

±10 

pA 

Average operating current 
during read or write cycle 


75 TBD 

65 TBD 

mA 

IdD 2 Standby current 

After 1 memory cycle, 

RAS and CAS high 

2.5 5 

2.5 5 

mA 

IDD3 Average refresh current 

tQ = minimum cycle, 

RAS low, 

CAS high 

60 TBD 

50 TBD 

mA 

IdD 4 Average page-mode current 

tc(p) = minimum cycle, 

RAS low, 

CAS cycling 

50 TBD 

40 TBD 

1 

mA 

IDD5 Average nibble-mode current 

tc(N) = minimum cycle, 

RAS low, 

CAS cycling 

45 TBD 

35 TBD 

mA 


^ All typical values are at T/^ = 25°C and nominal supply voltages. 


PARAMETER 

TEST 

CONDITIONS 

TMS4256-15 

TMS4257-15 

TMS4256-20 

TMS4257-20 

UNIT 

MIN TYP^ MAX 

MIN TYP^ MAX 

VOH High-level output voltage 

iQH = -5 mA 

2.4 

2.4 

V 

VOL Low-level output voltage 

Iql = 4.2 mA 

0.4 

0.4 

V 

l| Input current (leakage) 

V|=0 V to 5.8 V, Vdd = 5 V, 
All other pins = 0 V to 5.8 V 

±10 

±10 


Iq Output current (leakage) 

Vq = 0 V to 5.5 V, 

Vdd = 5 V. 

CAS high 

±10 

±10 

/‘A 

Average operating current 
during read or write cycle 

tc = minimum cycle 

55 TBD 

45 TBD 

mA 

IdD 2 Standby current 

After 1 memory cycle, 

RAS and CAS high 

2.5 5 

2.5 5 

mA 

IdD 3 Average refresh current 

tg = minimum cycle, 

RAS low, 

CAS high 

45 TBD 

35 TBD 

mA 

IdD 4 Average page-mode current 

tc(P) = minimum cycle, 

RAS low, 

CAS cycling 

35 TBD 

25 TBD 

mA 

IDD5 Average nibble-mode current 

tc(N) = minimum cycle, 

RAS low, 

CAS cycling 

30 TBD 

20 TBD 

mA 


^ All typical values are at = 25°C and nominal supply voltages. 
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Dynamic RAM and Memory Support Devices 


TMS4256, TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

TYP^ 

MAX 

UNIT 


Input capacitance, address inputs 

4 

7 

pF 

Ci(D) 

Input capacitance, data input 

, 4 

7 

pF 

KiiifaH 

Input capacitance strobe inputs 

8 

10 

pF 


Input capacitance, write enable input 

8 

10 

pF 

Co 

Output capacitance 

5 

10 

pF 


^ All typical values are at T/^ = 25 °C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

TMS4256-10 

TMS4257-10 

TMS42B6-12 

TMS4257-12 

UNIT 

MIN MAX 

MIN MAX 

ta(C) Access time from CAS 

tRLCL^MAX, Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tCAC 

50 

60 

ns 

'a(R) Access time from RAS 

tRLCL = MAX, Cl = 100 pF 
Load = 2 Series 74 TTL gates 

tRAC 

100 

120 

ns 

Output disable time 

tdis(CH) 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tOFF 

0 30 

0 30 

ns 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

TMS4256-15 

TMS4257-15 

TMS4256-20 

TMS4257-20 

UNIT 

MIN MAX 

MIN MAX 

ta{C) Access time from CAS 

tRLCL ^ max, Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tCAC 

75 

100 

ns 

■^alR) Access time from RAS 

tRLCL = max. Cl = 100 pF, 
Load = 2 Series 74 TTL gates 

tRAC 

150 

200 

ns 

Output disable time 
tdis(CH) after C^ high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

lOFF 

0 30 

0 35 

ns 
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timing requirements over recommended supply voltage range and operating free-air temperature range 




ALT. 

SYMBOL 

TMS4256-10 

TMS4256-12 



PARAMETER 

TMS4257-10 

TMS4257-12 

UNIT 



MIN 

MAX 

MIN 

MAX 


tcIPI 

Page-mode cycle time (read or write cycle) 

tpc 

100 

120 

ns 

tc(PM) 

Page-mode cycle time (read-modify-write cycle) 

tpCM 

135 

165 

ns 

'c(rd) 

Read cycle time^ 

tRC 

200 

230 

ns 

tc(W1 

Write cycle time 

twc 

200 

230 

ns 

tc(rdW) 

Read-write/read-modify-write cycle time 

fRWC 

235 

270 

ns 

tw(CH)P 

Pulse duration, CAS high (page mode) 

tCP 

40 

50 

ns 

tw(CH) 

Pulse duration, CAS high (non-page mode) 

tCPN 

40 

50 

ns 

tw(CL) 

Pulse duration, CAS low^ 

tCAS 

50 

10,000 

60 

10,000 

ns 

tw(RH) 

Pulse duration, RAS high (precharge time) 

tRP 

90 

100 

ns 

tw(RU 

Pulse duration, RAS low^ 

tRAS 

100 

10,000 

120 

10,000 

ns 

tw(W) 

Write pulse duration 

twp 

35 

40 

ns 

tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 

ns 

tsu(CA) 

Column address setup time 

tASC 

0 

0 

ns 

tsu(RA) 

Row address setup time 

tASR 

0 

0 

ns 

tsu(D) 

Data setup time 

tDS 

0 

0 

ns 

^su{rd) 

Read command setup time 

tRCS 

0 

0 

ns 

tsu(WCL) 

Early write command setup time 

before CAS low 

twcs 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

tCWL 

30 

40 

ns 

tsulWRHI 

Write command setup time before RAS high 

tRWL 

30 

40 

ns 

th(CLCA) 

Column address hold time after C^ low 

tCAH 

20 

20 

ns 

th(RA) 

Row address hold time 

tRAH 

15 

15 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

70 

80 

ns 

th(CLD) 

Data hold time after CA^S low 

tDH 

30 

35 

ns 

th(RLD) 

Data hold time after RAS low 

tDHR 

80 

95 

ns 

th(WLD) 

Data hold time after W low 

tDH 

30 

35 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

ns 

th(RHrd) 

Read command hold time after RAS high 

tRRH 

10 

10 

ns 

thfCLWI 

Write command hold time after CAS low 

tWCH 

30 

35 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

80 

95 

ns 

tRLCHR 

Delay time, RAS low to CAS highi 

tCHR 

20 

25 

ns 

tRLCH 

Delay time, RAS low to CAS high 

fCSH 

100 

120 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

tRSH 

50 

60 

ns 

tCLRL 

Delay time, C'aS low to RAS lowl 

tCSR 

20 

25 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only) 

tCWD 

50 

60 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

25 

50 

25 

60 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only) 

IRWD 

100 

120 

ns 

trf 

Refresh time interval 

tREF 

4 

4 

ms 


NOTE: Timing measurements are made at the 10% and 90% points of input and ciock transitions. In addition, V|l max and V|h min must be met at the 

10% and 90% points. 

^ All cycle times assume t^ = 5 ns. 

* In a read-modify-write cycle, tQLyyL and tsu(wcH) titist be observed. Depending on the user's transition times, this may require additional CAS low time 

(tw(CL))- Tf’'® applies to page-mode read-modify-write also. _ 

5 In a read-modify-write cycle, tpLyyL and tsu(WRH) nnust be observed. Depending on the user's transition times, this may require additional RAS low time 

(tw(RL)). _ 

1 CAS before RAS refresh only. 
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timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

SYMBOL 

TMS4256-15 

TMS4257-15 

TMS4256-20 

TMS4257-20 

UNIT 

MIN MAX 

MIN MAX 

tc(P) Page-mode cycle time (read or write cycle) 

tpc 

145 

190 

ns 

tc(PM) Page-mode cycle time (read-modify-write cycle) 

tPCM 

190 

245 

ns 

tc(rd) f^ead cycle time^ 

fRC 

260 

330 

ns 

tc(W) Write cycle time 

twc 

260 

330 

ns 

fc(rdW) Read-write/read-modify-write cycle time 

tRWC 

305 

370 

ns 

fwICHIP Pulse duration, CAS high (page mode) 

tCP 

60 

80 

ns 

^w(CH) Pulse duration, CAS high (non-page mode) 

*CPN 

60 

80 

ns 

fw(CL) Pulse duration, CAS low* 

tCAS 

75 10,000 

100 10,000 

ns 

*w(RH) Pulse duration, RAS high (precharge time) 

tRP 

100 

120 

ns 

tw(RL) Pulse duration, RAS low* 

tRAS 

150 10,000 

200 10,000 

ns 

fw(W) Write pulse duration 

tWP 

45 

55 

ns 

tt Transition times (rise and fall) for RAS and CAS 

tT 

3 50 

CO 

CJl 

o 

ns 

tsu(CA) Column address setup time 

tASC 

0 

0 

ns 

fsu(RA) Row address setup time 

*ASR 

0 

0 

ns 

*su(D) l^ata setup time 

tDS 

0 

0 

ns 

*su(rd) Road command setup time 

tRCS 

0 

0 

ns 

Early write command setup time 
tsu(WCL) ^ 

twcs 

0 

0 

ns 

tsu(WCH) Write command setup time before CAS high 

tCWL 

45 

60 

ns 

tsu(WRH) Write command setup time before RAS high 

tRWL 

45 

60 

ns 

th(CLCA) Column address hold time after CAS low 

*CAH 

25 

45 

ns 

*h(RA) Row address hold time 

tRAH 

15 

20 

ns 

*h(RLCA) Column address hold time after RAS low 

tAR 

100 

145 

ns 

*h(CLD) Data hold time after CAS low 

tDH 

45 

55 

ns 

fh(RLD) Data hold time after RAS low 

tDHR 

120 

155 

ns 

*h(WLD) Data hold time after W low 

tDH 

45 

55 

ns 

*h(CHrd) Roat^ command hold time after CAS high 

fRCH 

0 

0 

ns 

fh(RHrd) Read command hold time after RAS high 

tRRH 

10 

15 

ns 

'h(CLW) Write command hold time after CAS low 

tWCH 

45 

55 

ns 

fh(RLW) Write command hold time after RAS low 

fWCR 

120 

155 

ns 

tRLCHR Delay time, RAS low to CAS highi 

tCHR 

30 

35 

ns 

*RLCH Delay time, RAS low to CAS high 

*CSH 

150 

200 

ns 

fCHRL Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

*CLRH Delay time, CAS low to RAS high 

tRSH 

75 

100 

ns 

tCLRL Delay time, CAS low to RAS lowl 

tCSR 

30 

35 

ns 

Delay time, CAS low to W low 

tcLWL 

(read-modify-write cycle only) 

tCWD 

70 

90 

ns 

Delay time, RAS low to CAS low 
*RLCL (maximum value specified only 

to guarantee access time) 

tRCD 

25 75 

30 100 

ns 

Delay time, RAS low to W low 
tRLWL (read-modify-write cycle only) 

tRWD 

145 

175 

ns 

trf Refresh time interval 

fREF 

4 

4 

ms 


NOTE; Timing measurements are made at the 10% and 90% points of input and clock transitions. In addition, V|l max and min must be met at the 
10% and 90% points. 

^ All cycle times assume t^ = 5 ns. _ 

* In a read-modify-write cycle, t(;i_yyL and tsu(wCH| fust be observed. Depending on the user's transition times, this may require additional CAS low time 
ItwiCL))' applies to page-mode read-modify-write also. 

^ In a read-modify-write cycle, t^LyyL and tsu(WRH) f uat ba observed. Depending on the user’s transition times, this may require additional RAS low time 
<*w(RU>- _ 

f CAS before RAS refresh option only. 
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TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


NIBBLE MODE CYCLE 


switching characteristics over recommended suppiy voltage range and operating free-air temperature range 
(unless otherwise noted) 


PARAMETER 

ALT. 

TMS4257-10 

TMS4257-12 

UNIT 

SYMBOL 

MIN MAX 

MIN MAX 

1 ta(CN) 

Nibble mode access time from CAS | 

tNCAC 

25 

30 

ns 


PARAMETER 

ALT. 

TMS4257-15 

TMS4257-20 

UNIT 

SYMBOL 

MIN MAX 

MIN MAX 

1 ta(CKl) 

Nibble mode access time from CAS | 

tNCAC 

40 

50 

IQI 


timing requirements over recommended supply voltage range and operating free-air temperature range 
(uniess otherwise noted) 


PARAMETER 

ALT. 

TMS4257-10 

TMS4257-12 

UNIT 

SYMBOL 

MIN MAX 

MIN MAX 

tc(N) 

Nibble mode cycle time 

tNC 

50 

60 


tc(rdWN) 

Nibble mode read-modify-write cycle time 

tNRMW 

70 

85 


tCLRHN 

Nibble mode delay time, CAS low to RAS high 

tNRSH 

25 

30 


tCLWLN 

Nibble mode delay time, CAS to W delay 

tNCWD 

20 

25 

ns 

twICLNI 

Nibble mode pulse duration, CAS low 

tNCAS 

25 

30 

twICHNI 

Nibble mode pulse duration, CAS high 

tNCP 

15 

20 


tsu(WCHN) 

Nibble mode write command setup 
time before CAS high 

tNCWL 

20 

25 




timing requirements over recommended suppiy voltage range and operating free-air temperature range 
(unless otherwise noted) 


PARAMETER 

ALT. 

TMS4257-15 

TMS4257-20 

UNIT 

SYMBOL 

MIN MAX 

MIN MAX 

tc(N) 

Nibble mode cycle time 

tNC 

75 

90 


tc(rdWN) 

Nibble mode read-modify-write cycle time 

tNRMW 

105 

130 


tCLRHN 

Nibble mode delay time, CAS low to RAS high 

tNRSH 

40 

50 


tCLWLN 

Nibble mode delay time, CAS to W delay 

tNCWD 

30 

40 


tw(CLN) 

Nibble mode pulse duration, CAS low 

tNCAS 

40 

50 


tw(CHN) 

Nibble mode pulse duration, CAS high 

tNCP 

25 

30 - 


tsu(WCHN) 

Nibble mode write command setup 
time before CAS high 

tNCWL 

35 

45 
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Dynamic RAM and Memory Support Devices 


TMS4256, TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


read cycle timing 


RAS 


A0-A8 



Vqh 

VOL 
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TMS4256, TMS4257 
262.144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


early write cycle timing 


RAS 


CAS 



VOH 

Q -Hl-Z 

VOL 
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Dynamic RAM and Memory Support Devices 


TMS4256, TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


write cycle timing 


RAS 


A0-A8 


W 



t 


The enable time (tgr,) for a write cycle is equal In duration to the access time from CAS <ta(C)) ^ cycle; but the active levels at the output are invalid. 
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TMS4256, TMS4257 
262,144-BlT DYNAMIC RANDOM-ACCESS MEMORIES 


read-write/read-modify-write cycle timing 


•tc(rdW)- 


CAS 


AO-A8 


V|H 

V|L 


V|H 

V|L 




■tw(RL)- 






K 


-tCLRH- 


tRLCL- 


-tw(CL)- 


1 I 




-tRLCH ■ 


tsu(RA) 

V|H ^_L-1 


I r"- -runi-i^rt) j ' *1 

f*-k-thlRA) -•|-th(CLCA) 


■ th(RLCA)- 


-►! k^wIRH)-*! 

)• -tw(CH)-H 




^*su(CA) 
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Dynamic RAM and Memory Support Devices 


TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


nibble mode read cycle timing 


RAS 


CAS 


A0-A8 
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TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


nibble mode write cycle timing 


CAS 


;/( RH )—*1 I* - 



V|H 

V|L 


$5$TOdont''care'^$^ 

VALId'5^ 

^^VALID^ 

^ VALID 

yyXXmAAAAAAAAAA)0000< 

W\ -fv 


)7\ /v% 


VALID XDONT care 

AAAAAAAA 


Vqh 

Vql 


Hl-Z ■ 
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TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


nibble mode read-modify-write-cycle timing 


RAS 


CAS 


A0-A8 


V(H 

V|L 

V|H 

V|L 


V 


tRLCL 

twICUH* 


U- *c(rdWN) 
j k«^tw(CHN) I 
^ ^l-tw(CRWN) 


tsu(RA) 




11 

IV "th(RLCA) 
th(RA)-p-H -J tits„(CA)| i 


TFh th(CLCA) 


tw(RH)-j**j 




l^tdis(CH) 


-*i r-’ 

— * ±_ I ■- I 

VALID VALID X VALID VALID X 
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X 



3] 

5' 

ca 


NOTE: A write cycle or a read-modify-write cycle can be intermixed with read cycles as long as the write and read-modify-write timing specifications 

are not violated. 
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r«o —I 

a» 2 

ui 


DO 


O) 


-< CO 
2 

s CJ1 



3 

o 


t/i 


NOTE: 


A read cycle or a read-modify-write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not 
violated. 
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Dynamic RAM and Memory Support Devices 


TMS4256, TMS4257 

262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 


RAS-only refresh cycle timing 




Q -:-Hl-Z 

Vql 


hidden refresh cycle timing 


V|H- 


MEMORY CYCLE- 

h-REFRESH CYCLE-»| 

j♦-tw(RL)-*| p-twIRH)-*! 

I li-il ' 


REFRESH CYCLE- 



I I . II *RLCHR^ -r*-— J 


CAS 

V|L 

tsu(RA)- 

th(RA) 


I I 
TT 
I I 


-^w(CL)- 





VOH, 

VOL 


VALID DATA 


-iV- 


> 


^ For devices with CAS before RAS refresh optio n onl y. _ 

* Row address is required only for devices without CAS before RAS refresh option. Row address is "don't care" for devices with the CAS before RAS refresh 
option. 
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TMS4256, TMS4257 
262,144-BIT DYNAMIC RANDOM-ACCESS MEMORIES 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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TI\/IS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 

AUGUST 1980 - REVISED JANUARY 1984 


16,384 X 4 Organization 

Singie +5-V Supply (10% Tolerance) 

Performance Ranges: 


TMS4416 . . . NL PACKAGE 
SMJ4416 . . . JD PACKAGE 
(TOP VIEW) 


'4416-12 

'4416-15 

'4416-20 


ACCESS 
TIME 
ROW 
ADDRESS 
(MAX) 
120 ns 
150 ns 
200 ns 


ACCESS 
TIME 
COLUMN 
ADDRESS 
(MAX) 
70 ns 
80 ns 
120 ns 


READ- 
MODIFY- 
WRITE 
CYCLE 
(MIN) 
320 ns 
330 ns 
440 ns 


en 

n 

Jl8 


DQ1 [; 

2 

17 

J DQ4 

DQ2 C 

3 

16 

2 CAS 

w C 

4 

15 

D DQ3 

RAS C 

5 

14 

2 AO 

A6 C 

6 

13 

Dai 

A5 C 

7 

12 

Da2 

A4 C 

8 

1 1 

D A3 

Vdd C 

9 

10 

5a7 


TMS4416 ... FPL PACKAGE 
(TOP VIEW) 

t/) 

a w o 

Q la > Q 


SMJ4416 . . . FG PACKAGE 
(TOP VIEW) 


a V) a 
Q la > Q 


2 1 1817 

o 


16L CAS DQ2 

IBC DQ3 W 

AO 

13C A1 A6 

I 2 C A2 A5 


2 1 1817 

A 


16C CAS 
15C DQ3 


• Available Temperature Ranges*: 

- S . . . -55°C to 100°C 

- E . . . -40°C to 85°C 

- L . . . 0°C to 70°C 

• Long Refresh Period ... 4 milliseconds 

• Low Refresh Overhead Time ... As Low 
As 1.7% of Total Refresh Period 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Unlatched Outputs 

• Early Write or G to Control Output Buffer 
Impedance 

• Page-Mode Operation for Faster Access 

• Low Power Dissipation 

- Operating . . . 200 mW (TYP) ' 

- Standby ... 17.5 mW (TYP) 

• New SMOS (Scaled-MOS) N-Channel 
Technology 


description 

The '4416 is a high-speed, 65,536-bit, dynamic, random-access memory, organized as 16,384 words of 4 bits each. 
It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology for very high per¬ 
formance combined with low cost and improved reliability. 

The '4416 features RAS access times to 120 ns maximum. Power dissipation is 200 mW typical operating, 17.5 mW 
typical standby. 

New SMOS technology permits operation from a single -i-5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. Iqd peaks have been reduced to 60 mA typical, and a - 1-V input voltage 
undershoot can be tolerated, minimizing system noise considerations. Input clamp diodes are used to ease system design. 

Refresh period is extended to 4 milliseconds, and during this period each of the 256 rows must be strobed with RAS 
in order to retain data. CAS can remain high during the refresh sequence to conserve power. 

All inputs and outputs, including clocks, are compatible with Series 54/74 TTL. All address lines and data-in are latch¬ 
ed on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

* M temperature range (-55°C to 125°C) to be available in future. 


-t a f'' CO 
< a < < 
> 

-a- Q r^ O' 

< Q < < 

> 

1 PIN NOMENCLATURE 

A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

DQ1-DQ4 

Data In/Data Out 

G 

Output Enable 

RAS 

Row Address Strobe 

Vdd 

•f5-V Supply 

Vss 

Ground 

w 

Write Enable 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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Dynamic RAM and Memory Support Devices 


TMS4416; SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


The TMS4416 is offered in 18-pin piastic dual-in line and 18-pin plastic chip carrier packages. It is guaranteed for 
operation from 0°C to 70°C. The SI\/IJ4416 is offered in 18-pin ceramic side-braze dual-in-line and 18-pin ceramic 
chip carrier packages. It is availabie in - 55 °C to 100 °C and — 40 °C to 85 “C temperature ranges. Duai-in-iine packages 
are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers. 


operation 

address (AO through A7) 



Fourteen address bits are required to decode 1 of 16,384 storage locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the chip by the row-address strobe (RAS). Then the s ix column-address bits are set 
up on pins A1 through A6 and latched onto the chip by the column-address strobe (CAS). All addresses must be stable 
on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense amplifiers 
as weli as the row decoder. CAS is used as a chip select activating the column decoder and the input and output buffers. 

write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enabie terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state allowing a write cycle with G grounded. 

data-in (DQ1 through DQ4) 

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These latches can be driven from standard TTL circuits without 
a puii-up resistor. In an early-write cycle, W is brought low prior to CAS and the data is strob ed in by CAS with setup 
and hold times referrenced fo this signal. In a delayed write or read-modify-write cycle, CAS will already be low, thus 
the data will be strobed in by W with setup and hold times referenced to this signal. In delayed or read-modify-wrIte, 
G must be high to bring the output buffers to high impedance prior to irnpressing data on the I/O lines. 

data-out (DQ1 through DQ4) 

The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Serie s 54/ 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (fioating) state 
until CAS is brought low. I n a r ead cycle the output goes active after the access time interval ta(C) that begins with 
the negative transition of CAS as long as ta(R) and ta(E) ate satisified. The output becomes valid after the access 
time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it to a high impedance 
state. In an early-write cycle, the output is always in the high impedance state. In a delayed-write or read-modify- 
write cycle, the output must be put in the high impedance state prior to applying data to the DQ input. This is ac¬ 
complished by bringing G high prior to applying data, thus satisfying tgi-iD- 

output enable (G) 

The G controls the impedance of the output buffers. When G is high, the buffers will remain in the high impedance 
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low impedance state. 
It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low impedance state. 
Once in the low impedance state, they wiil reamin in the low impedance state until G or CAS is brought high. 


refresh 


A refresh operation must be perf orme d at least every four milliseconds to retain data. Since the output buffer is in 
the high-impedance state unless CAS is applied, the RAS-only refresh sequence avoids any output during refresh. 
Strobing each of the 256 row addresses (AO through A7) with RAS causes all bits in each row to be refreshed. CAS 
can remain high (inactive) for this refresh sequence to conserve power. 
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TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


page mode 

Page mode operation allows effectively faster memory access by keeping the same row address and strobing suc¬ 
cessive column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for 
the same page is eliminated. To extend beyond the 64 column locations on a single RAM, the row address and RAS 
are applied to multiple 16K x4 RAMs. CAS is then decoded to select the proper RAM. 

power-up 

After power-up, the power supply must remain at its steady-state value for 1 ms. In addition, the RAS input must 
remain high for 100 iis immediately prior to initialization. Initialization consists of performing eight RAS cycles before 
proper device operation is achieved. 

logic symbol t 



^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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Dynamic RAM and Memory Support Devices 


TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


functional block diagram 



AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 



OQ 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) 


Voltage on any pin except Vqq and data out (see Note 1) . -1.5Vto10V 

Voltage on Vdd supply and data out with respect to Vss.. “1 V to 6 V 

Short circuit output current.. 50 mA 

Power dissipation. 1 W 

Operating free-air temperature range: TMS'.. 0°C to 70°C 

Operating case temperature range: SMJ' - S version. -55°C to 100°C 

— E version . . .. -40°C to 85°C 

Storage temperature range. -65°C to 150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values In this data sheet are with respect to Vss- 
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TMS4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


recommended operating conditions 


PARAMETER 

TMS4416 

UNIT 

MIN NOM MAX 

Supply voltage, N/qd 


V 

Supply voltage, Vss 

1 0 

V 

High-level input voltage, V||-| 

Vdd = 4.5 V 

mmmmm 

V 

Vdd = 5.5 V 


Low-level input voltage, V|l (see Note 2) 

CO 

o 

> 

V 

Operating free-air temperature, Ta 

1 0 70 1 

°c 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TMS4416-12 

UNIT 

MIN TYP^ MAX 

V|K Input clamp voltage 

l| = -15 mA, 
see Figure 1 

-1.2 

V 

VqH High-level output voltage 

>OH = - 2 mA 

2.4 

V 

VoL Low-level output voltage 

lOL = 4.2 mA 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, 

Vdd = 5 V, 

All other pins = 0 V 

±10 

fA 

Iq Output current (leakage) 

Vq = 0.4 V to 5.5 V, 

Vdd = 5 V, CAS high 

±10 

fA 

Average operating current 
during read or write cycle 

At tc = minimum cycle 

54 

mA 

'dD 2* Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

mA 

IdD 3 Average refresh current 

tc = minimum cycle, 

RAS cycling, 

CAS high 

46 

mA 

Average page-mode 

IdD4 

current 

tc{p) = minimum cycle, 

RAS low, 

CAS cycling 

46 

mA 



^All typical values are at T;^ = 25°C and nominal supply voltages. 
*V|L ^ -0.6 V on all inputs. 
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Dynamic RAM and Memory Support Devices 


TMS4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TMS4416-15 

TMS4416-20 

UNIT 

MIN TYpt MAX 

MIN TYP^ MAX 

V|K Input clamp voltage 

l| = -15 mA, 
see Figure 1 

-1.2 

-1.2 

V 

Vqh High-level output voltage 

'oh = -2 mA 

2.4 

2.4 


Vql Low-level output voltage 

'OL = 4.2 mA 

0.4 

0.4 

IHH 

l| Input current (leakage) 

V| = 0 V to 5.8 V, 

Vdd = 5 V, 

All other pins = 0 V 

±10 

±10 

aA 

Iq Output current (leakage) 

Vq = 0.4 V to 5.5 V, 

Vdd = 5 V, CAS high 

±10 

±10 

aA 

Average operating current 
during read or write cycle 

At tj; = minimum cycle 

40 48 

35 42 

mA 

IDD2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

3.5 5 

mA 

IdD 3 Average refresh current 

tc = minimum cycle, 

RAS cycling, 

CAS high 

2b 40 

21 34 

mA 

Average page-mode 

•dD4 

current 

tc(p) = minimum cycle, 

RAS low, 

CAS cycling 

25 40 

21 34 

mA 


^All typical values are at T/^ = 25“C and nominal supply voltages. 
*V||. a-0 .6 V on all inputs. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

1 TMS4416 

UNIT 

TYP^ 

MAX 

Ci(A) 

Input capacitance, address inputs 

5 

7 

pF 

Ci(RC) 

Input capacitance, strobe inputs 

8 

10 

pF 

Ci(W) 

Input capacitance, write enable input 

8 

10 

pF 

Ci/o 

Input/output capacitance, data ports 

8 

10 

pF 


^All typical values are at T/^ =25°C and nominal supply voltages. 
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TMS4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


switching characteristics over recommended suppiy voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

^a(C) 

Access time from CAS 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

1a(R) 

Access time from RAS 

tRLCL = max. 

Cl = 100 pF 

Load = 2 Series 74 TTL gates 

^a(G) 

Access time after G low 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

idis(CH) 

Output disable time after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

1dis(G) 

Output disable time 
after G high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


TMS4416-12 

UNIT 

MIN MAX 

70 

ns 

120 

ns 

30 

ns 

0 30 

ns 

0 30 

ns 



PARAMETER 

ta(C) 

Access time frotri CAS 

ta(R) 

Access time from RAS 

^a(G) 

Access time after G low 

idis(CH) 

Output disable time after CAS high 

ldis(G) 

Output disable time 
after G high 


TEST CONDITIONS 


Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


IRLCL = max, 

Cl = 100 pF 

Load = 2 Series 74 TTL gates 


Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


TMS4416-15 

TMS4416-20 

MIN MAX 

MIN MAX 

80 

120 

150 

200 

40 

50 

0 30 

0 40 

0 30 

0 40 
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Dynamic RAM and Memory Support Devices 


TMS4416 

16,384 W0RD BY 4-BIT DYNAMIC RAM 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

TMS4416-12 

UNIT 

SYMBOL 

MIN 

MAX 


Page mode cycle time 

tpc 

120 

■Bi 

I9SHH 

Read cycle time* 

tRC 

230 

flSH' 

tc(W) 

Write cycle time 

twc 

230 


tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

320 

HUSH 

tw(CH) 

■ Mill lllllllllllllllllllllllll Nil—— 

tCP 

40 

||[QH 


Pulse width. CA§ low^ 

'CAS 

70 

10,000 

KOI 

HHOflllH 

Pulse width RAS high (precharge time) 

'RP 

80 



Pulse width, RAS low^ 

'RAS 

120 

10,000 

— 


Write pulse width 

'WP 

30 

IHQ9III 

tt 

Transition times (rise and fall) for RAS and CAS 

'T 

3 




Column address setup time 

'ASC 

0 


tsu(RA) 

Row address setup time 

'ASR 

0 

IE9I 


Data setup time 

'DS 

0 

■91 

tsu(rd) 

Read command setup time 

'RCS 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

'CWL 

50 

ns 

tsu(WRH) 

Write command setup time before RAS high 

'RWL 

50 

ns 

th(CLCA) 

Column address hold time after CAS low 

'CAH 

35 

ns 

th(RA) 

Row address hold time 

'RAH 

15 

ns 

th{RLCA) 

Column address hold time after RAS low 

'AR 

85 

ns 

th(CLD) 

Data hold time after CAS low 

'DH 

40 

ns 

th(RLD) 

Data hold time after RAS low 

'DHR 

100 

ns 

thIWLDI 

Data hold time after W low 

'DH 

30 

ns 

th(RHrd) 

Read command hold time after RAS high 

'RRH 

10 

ns 

th(CHrd) 

Read command hold time after CAS high 

'RCH 

0 

ns 

th(CLW) 

Write command hold time after CAS low 

'WCH 

40 

ns 

th(RLWI 

Write command hold time after RAS low 

'WCR 

100 

ns 

tRLCH 

Delay time, RAS" low to CAS high 

'CSH 

150 

ns 

tCHRL 

Delay time, CAS high to RAS low 

'CRP 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

'RSH 

80 

ns 

tCLWL 

Delay time, CAS low to W low 
(read, modify-write-cycle only)*** 

'CWD 

120 

ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only to guarantee access time) 

'RCD 

20 

50 

ns 

tRLWL 

Delay time, RAS low to W low 
(read, modify-write-cycle only)*** 

'RWD 

170 

ns 

tWLCL 

Delay time, W low to CAS low (early write cycle) 

'WCS 

-5 

ns 

tGHD 

Delay time, ^high before data applied at DQ 


30 

ns 

trf 

Refresh time interval 

'REF 

4 

ms 


*. Note: All cycle times assume tj = 5 ns. 

*• Page mode only. 

‘"Necessary to insure G has disabled the output buffers prior to applying data to the device. 

^In a read-modify-write cycle, tpLyyL *su(WCH) must be observed. Depending on the user's transition times, this may require additional CAS low time tyy(CL)- 
*ln a read-modify-write cycle, tRLyyL and t 5 u(yyRH) observed. Depending on the user's transition times, this may require additional RAS low time ty„{RL)- 
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TMS4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

TMS4416-15 

TMS4416-20 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

'c(P) 

Page mode cycle time 

tpc 

140 

210 


'c(rd) 

Read cycle time* 

fRC 

260 

330 

ns 

'c(W) 

Write cycle time 

twc 

260 

330 

— 

'c(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

360 

440 


tw(CH) 

Pulse width, CAS high (precharge time)* * 

tCP 

50 

80 


twICLI 

Pulse width, CAS low^ 

tCAS 

80 

10,000 

120 

10,000 

IQl 

tw(RH) 

Pulse width RAS high (precharge time) 

tRP 

100 

120 


tw(RU 

Pulse width, RAS low* 

tRAS 

150 

10,000 

200 

10,000 


tw(W) 

Write pulse width 

twp 

40 

50 

ns 

tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 

ns 

»su(CA) 

Column address setup time 

tASC 

0 

0 


<su(RA) 

Row address setup time 

tASR 

0 

0 

ns 

tsulD) 

Data setup time 

'DS 

0 

0 


Uu(rd) 

Read command setup time 

<RCS 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

tCWL 

60 

80 


tsu(WRH) 

Write command setup time before RAS high 

fRWL 

60 

80 


th(CLCA) 

Column address hold time after CAS low 

tCAH 

40 

50 

IQi 

^hlRA) 

Row address hold time 

tRAH 

20 

25 


thIRLCA) 

Column address hold time after RAS low 

tAR 

110 

130 


»h(CLD) 

Data hold time after CAS low 

tDH 

60 

80 

ugi 

*hlRLD) 

Data hold time after RAS low 

tDHR 

130 

160 

UQ[|||| 

th(WLD) 

Data hold time after W low 

tDH 

40 

50 


*h(RHrd) 

Read command hold time after RAS high 

tRRH 

10 

10 

BBI 

’h(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 


th(CLW) 

Write command hold time after CAS low 

tWCH 

60 

80 


th(RLW) 

Write command hold time after RAS low 

tWCR 

130 

160 

ns 

tRLCH 

Delay time,RAS low to CAS high 

tCSH 

150 

200 


tCHRL 

Delay time, CAS high to RAS low 

tCRP . 

0 

0 

■Bi 

ICLRH 

Delay time, CAS low to RAS high 

*RSH 

80 

120 

ns 

tCLWL 

Delay time, CAS low to W low 
(read, modify-write-cycle only)* 

fCWD 

120 

150 

ns 

tRLCL 

Delay time, RAS low to CAS low 

(maximum value specified only to guarantee access time) 

»RCD 

20 

70 

25 

80 

ns 

*RLWL 

Delay time, RAS low to W low 
(read, modifv-write-cvcie only)*** 

tRWD 

190 

230 

ns 

tWLCL 

Delay time, W low to CAS low (early write cycle) 

'WCS 

-5 

-5 

ns 

<GHD 

Delay time, G high before data applied at DQ 


30 

40 

ns 

trf 

Refresh time interval 

*REF 

4 

4 

ms 



• Note: All cvcle times assume t^ = 5 ns. 

• • Page mode only. 

• * * Necessary to insure G has disabled the output buffers prior to applying data to the device. 

^ I n a read-modify-write cycle, t^Lv^L. ^su(WCH) be observed. Depending on the user's transition times, this may require additional 

CAS low time tvv(CL)- 

t In a read-modify-write cycle, tpLyy^ ^su(WRH) f^iust be observed. Depending on the user's transition times, this may require additional 
RAS low time tyv{RL)' 
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Dynamic RAM and Memory Support Devices 


SMJ4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


recommended operating conditions 


PARAMETER 

SMJ4416 

UNIT 

S VERSION 

E VERSION 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vqd 

4.5 5 5.5 

4.5 5 5.5 

HOI 

Supply voltage, Vgs 

0 

0 


High-level input voltage, V|h 

Vdd = 4.5 V 


2.4 4.8 

V 

Vdd = 5.5 V 



Low-level input voltage, V|l (see Note 2) 

CO 

d 

> 

CO 

d 

> 

IDI 

Operating case temperature, Tc 

-55 100 

-40 85 

■tmi 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

SMJ4416-12 

UNIT 

MIN TYP^ MAX 

V|K Input clamp voltage 

l| = -15 mA, 
see Figure 1 

-1.2 

V 

Vqh High-level output voltage 

Iqh = - 2 mA 

2.4 

V 

Vql Low-level output voltage 

Iql - 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, 

Vdd = 5 V, 

All other pins = 0 V 

±10 

pA 

Iq Output current (leakage) 

Vq = 0.4 V to 5.5 V, 

Vdd = 5 V, high 

±10 

fcA 

Average operating current 
during read or write cycle 

At tg = minimum cycle 

54 

mA 

IDD2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

mA 

IDD3 Average refresh current 

tc = minimum cycle, 

RAS cycling, 

CAS high 

46 

mA 

Average page-mode 

>DD4 

current 

tc(p) = minimum cycle, 

RAS low, 

CAS cycling 

46 

mA 



^All typical values are at Tq = 25‘*C and nominal supply voltages. 
*V|L S-0.6V on all inputs. 
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SMJ4416 

16.384-WORD BY 4-BIT DYNAMIC RAM 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

SMJ4416-15 

SMJ4416-20 

UNIT 

MIN TYPl^ MAX 

MIN TYP^ MAX 

VjK Input clamp voltage 

l| = -15 mA, 
see Figure 1 

-1.2 

-1.2 

V 

Vqh High-level output voltage 

'oh = -2 mA 

2.4 

2.4 

V 

Vql Low-level output voltage 

Iql “ 

0.4 

0.4 

V 

l| Input current (leakage) 

V| = 0 V to 5.8 V, 

VoD = S V, 

All other pins = 0 V 

±10 

±10 

fA 

Iq Output current (leakage) 

Vo = 0.4 V to 5.5 V, 

Vdd = 5 V, high 

±10 

±10 

aA 

Average operating current 
during read or write cycle 

At tc = minimum cycle 

40 48 

35 42 

mA 

IdD 2^ Standby current 

After 1 memory cycle, 

RAS and CAS high 

3.5 5 

3.5 5 

mA 

IdD 3 Average refresh current 

tc = minimum cycle, 

RAS cycling, 

CAS high 

25 40 

21 34 

mA 

Average page-mode 

'DD4 

current 

tc(p) = minimum cycle, 

RAS low, 

CAS cycling 

25 40 

21 34 

mA 


^All typical values are at Tg = 25 “C and nominal supply voltages. 
^V|L a -0.6 V on all inputs. 


capacitance over recommended supply voltage range and operating case temperature range, f=1 MHz 


PARAMETER 

SMJ4416 

UNIT 

TYP^ 

MAX 

Ci(A) 

Input capacitance, address inputs 

5 

7 

PF 

Ci(RC) 

Input capacitance, strobe inputs 

8 

10 

PF 

Ci(W) 

Input capacitance, write enable input 

8 

10 

pF 

^i/o 

Input/output capacitance, data ports 

8 

10 

pF 


^All typical values are at =25°C and nominal supply voltages. 
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Dynamic RAM and Memory Support Devices 


SMJ4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


switching characteristics over recommended supply voltage range and operating case temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

SMJ4416-12 

MIN MAX 

UNIT 

ta(C) Access time from CAS 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tCAC 

70 

ns 

fa{R) Access time from RAS 

IRLCL = MAX, 

Cl = 100 pF 

Load = 2 Series 74 TTL gates 

IRAC 

120 

ns 

ta(G) Access time after G low 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


30 

ns 

tdis(CH) Output disable time after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

lOFF 

0 30 

ns 

Output disable time 
fdis(G) -Q 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


0 30 

ns 


PARAMETER 

TEST CONDITIONS 

ALT. 

SYMBOL 

SMJ4416-15 

SMJ4416-20 

UNIT 

MIN MAX 

MIN MAX 

ta{C) Access time from CAS 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tCAC 

80 

120 

ns 

1a(R) Access time from RAS 

IRLCL = max. 

Cl = 100 pF 

Load = 2 Series 74 TTL gates 

IRAC 

150 

200 

ns 

ta(G| Access time after G low 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


40 

50 

ns 

tdis(CFI) Output disable time after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

lOFF 

0 30 

0 40 

ns 

Output disable time 

Idis(G) Q l^jgl^ 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 


0 30 

0 40 

ns 
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SMJ4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


timing requirements over recommended suppiy voltage range and operating case temperature range 



4 


* Note: All cycle times assume tt = 5 ns. 

** Page mode only. 

***Necessary to insure G has disabled the output buffers prior to applying data to the device. 

^In a read-modify-write cycle, t^L^L ^nd tsy(yyQH} niust be observed. Depending on the user's transition times, this may require additional CAS low time tyy(CL). 
^In a read-modify-write cycle, tp|_\/y|^ ^^^^su(WRH) ^^st be observed. Depending on the user's transition times, this may require additional RAS low time tyy/(pL^). 
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Dynamic RAM and Memory Support Devices 


SMJ4416 

16,384-WORD BY 4-BIT DYNAMIC RAM 


timing requirements over recommended supply voltage range and operating case temperature range 


PARAMETER 

ALT. 

SMJ4416-15 

SMJ4416-20 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

*CtP) 

Page mode cycle time 

fpc 

140 

210 


tc(rd) 

Read cycle time* 

tRC 

260 

330 


tc(W) 

Write cycle time 

twc 

260 

330 


tc(rdW) 

Read-write/read-modify-write cycle time 

fRWC 

360 

440 

BSI 

tw(CH) 

Pulse width, CAS high (precharge time)** 

tCP 

50 

80 


^w(CL) 

Pulse width, CAS low^ 

'CAS 

80 

10,000 

120 

10,000 

IIIQIIH 

tw(RH) 

Pulse width RAS high (precharge time) 

tRP 

100 

120 


tw(RL) 

Pulse width, RAS low^ 

'RAS 

150 

10,000 

200 

10,000 


'w(W) 

Write pulse width 

twp 

40 

50 


tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 

IBSI 

'su(CA) 

Column address setup time 

'ASC 

0 

0 

mol 

tsu(RA) 

Row address setup time 

tASR 

0 

0 


tsu(D) 

Data setup time 

IDS 

0 

0 


*su(rd) 

Read command setup time 

fRCS 

0 

0 

ns 

'su(WCH) 

Write command setup time before CAS high 

ICWL 

60 

80 

ns 

'su(WRH) 

Write command setup time before RAS high 

tRWL 

60 

80 

ns 

<h(CLCA) 

Column address hold time after CAS low 

'CAH 

40 

50 

ns 

th(RA) 

Row address hold time 

fRAH 

20 

25 

ns 

'h(RLCA) 

Column address hold time after RAS low 

tAR 

1 10 

130 

ns 

'h(CLD) 

Data hold time after CAS low 

tDH 

60 

80 

ns 

’h(RLD) 

Data hold time after RAS low 

fDHR 

130 

160 

ns 

'h(WLD) 

Data hold time after W low 

tDH 

40 

50 

ns 

«h(RHrd) 

Read command hold time after RAS high 

fRRH 

10 

10 

ns 

<h(CHrd) 

Read command hold time after CAS high 

'RCH 

0 

0 

ns 

th(CLW) 

Write command hold time after CAS low 

'WCH 

60 

80 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

130 

160 

ns 

tRLCH 

Delay time,RAS low to CAS high 

’CSH 

150 

200 

ns 

'CHRL 

Delay time, CAS high to RAS low 

fCRP 

0 

0 

ns 

'CLRH 

Delay time, CAS low to RAS high 

'RSH 

80 

1 20 

ns 

ICLWL 

Delay time, CAS low to W low 
(read, modify-write-cycle only) 

ICWD 

120 

150 

ns 

'RLCL 

Delay time, RAS low to CAS low 

(maximum value specified only to guarantee access time) 

fRCD 

20 

70 

25 

80 

ns 

'RLWL 

Delay time, RAS low to W low 
(read, modify-write-cycle only)*** 

fRWD 

190 

230 

ns 

'WLCL 

Delay time, W low to CAS low (early write cycle) 

twcs 

-5 

- 5 

ns 

tGHD 

Delay time, G high before data applied at DQ 


30 

40 

ns 

*rf 

Refresh time interval 

»REF 

4 

4 

ms 


• Note: All cycle times assume = 5 ns. 

•• Page mode only. 

• • • Necessary to insure G has disabled the output buffers prior to applying data to the device. 

^ I n a read-modify-write cycle, t^LWL ^su(WCH) t>e observed. Depending on the user's transition times, this may require additional 

CAS low time tyy^QL). 

t In a read-modify-write cycle, tRLyy|_ and tjyiyypH) must be observed. Depending on the user's transition times, this may require additional 
RAS low time t^y^pL). 
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TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


PARAMETER MEASUREMENT INFORMATION 



OUTPUTISI 

OPEN 


FIGURE 1 - INPUT CLAMP VOLTAGE TEST CIRCUIT 


read cycle timing 
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Dynamic RAM and Memory Support Devices 


TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


early write cycle timing 
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TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


write cycle timing 
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Dynamic RAM and Memory Support Devices 


TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 


read-write/read-modify-write cycle timing 
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Dynamic RAM and Memory Support Devices 


CO 

oo 

■Pk 


00 

■< 


ss 

a iPk 
-< -* 
2 en 

” e_ 
30 

3a» 




TMS4416, SMJ4416 
16,384-WORD BY 4-BIT DYNAMIC RAM 



Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



























MOS TMS4464 

LSI 65,536-WORD BY 4-BIT DYNAMIC RAM 

NOVEMBER 1983 - REVISED JANUARY 1984 


• 65,536 X 4 Organization 

• Singie +5-V Supply (10% Tolerance) 
o JEDEC Standardized Pin-Out 

o Pin-Out identicai to TMS4416 
(16K X 4 Dynamic RAM) 

• Performance Ranges: 



ACCESS 

ACCESS 

READ 

READ- 


TIME 

TIME 

OR 

MODIFY- 

DEVICE 

ROW 

COLUMN 

WRITE 

WRITE 


ADDRESS 

ADDRESS 

CYCLE 

CYCLE 


(MAX) 

(MAX) 

(MIN) 

(MIN) 

TMS4464-10 

100 ns 

60 ns 

200 ns 

270 ns 

TMS4464-12 

120 ns 

70 ns 

230 ns 

310 ns 

TMS4464-15 

150 ns 

85 ns 

260 ns 

345 ns 

TMS4464-20 

200 ns 

120 ns 

330 ns 

435 ns 


O Long Refresh Period ... 4 ms (MAX) 

o Low Refresh Overhead Time ... As Low As 1.3% of Total 
Refresh Period 


TIVIS4464 . . . JL OR NL PACKAGE 
(TOP VIEW) 




• On-Chip Substrate Bias Generator 
o All Inputs, Outputs, and Clocks Fully TTL Compatible 
O 3-State Unlatched Output 

• Early Write or G to Control Output Buffer Impedance 

• Page-Mode Operation for Faster Access 

• Power Dissipation As Low As: 

- Operating ... 250 mW (TYP) 

- Standby ... 12.5 mW (TYP) 

• RAS-Only Refresh Mode 

• Hidden Refresh Mode 

• CAS-Before-RAS Refresh Mode (Optional) 
description 

The TMS4464 is a high-speed, 262,144-bit dynamic random-access memory, organized as 65,536 words of four 
bits each. It employs state-of-the-art SMOS (scaled MOS) N-channel double-level polysilicon gate technology for very 
high performance combined with low cost and improved reliability. 

This device features maximum RAS access times of 100 ns, 120 ns, 150 ns, or 200 ns. Typical power dissipation 
as low as 250 mW operating and 12.5 mW standby. 

New SMOS technology permits operation from a single -i-5-V supply, reducing system power supply and decoupling 
requirements, and easing board layout. Iqd peaks are 150 mA typical, and a - 1-V input voltage undershoot can be 
tolerated, minimizing system noise considerations. 

All inputs and outputs, including clocks, are compatible with Series 74 TTL. All address and data-in lines are latched 
on chip to simplify system design. Data-out is unlatched to allow greater system flexibility. 

The TMS4464 is offered in an 18-pin dual-in-line ceramic or plastic package and is guaranteed for operation from 
0°C to 70 °C. These packages are designed for insertion in mounting-hole rows on 300-mil (7,62 mm) centers. 



PIN NOMENCLATURE 

A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

DQ1-DQ4 

Data-ln/Data-Out 

G 

Output Enable 

RAS 

Row Address Strobe 

Vdd 

-1- 5-V Supply 

vss 

Ground 

W 

Write Enable 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


Copyright © 1984 by Texas Instruments Incorporated 
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TMS4464 

65,536-WORD BY 4-BIT DYNAMIC RAM 


operation 

address (AO through A7) 

Sixteen address bits are required to decode 1 of 65,536 storage locations. Eight row-address bits are set up on pins 
AO through A7 and latched onto the,chip by the row-address strobe (RAS). Then the eight column-address bits are 
set up on Pins AO through A7 and latched onto the chi p by t he column-address strobe (CAS). All addresses must 
be stable on or before the falling edges of RAS and CAS. RAS is similar to a chip enable in that it activates the sense 
amplifiers as well as the row decoder. CAS is used as a chip select activating the column decoder and the input and 
output buffers. 



write enable (W) 

The read or write mode is selected through the write enable (W) input. A logic high on the W input selects the read 
mode and a logic low selects the write mode. The write enable terminal can be driven from standard TTL circuits 
without a pull-up resistor. The data input is disabled when the read mode is selected. When W goes low prior to CAS, 
data-out will remain in the high-impedance state for the entire cycle permitting common I/O operation. 

data-in (DQ1-DQ4) 

Data is written during a write or read-modify write cycle. Depending on the mode of operation, the falling edge of 
CAS or W strobes data into the on-chip data latches. These latches can be driven from standard TTL circuits without 
a pull-up resistor. In an early-write cycle, W is brought low prior to CAS and the data is strobed in by CAS with setup 
and hold times referenced to this signal. In a delayed write or read-modify write cycle, CAS will already be low, thus 
the data will be strobed in by W with setup and hold times referenced to this signal. In delayed or read-modify-write, 
G must be high to bring the output buffers to high impedance prior to impressing data on the I/O lines. 

data-out (DQ1-DQ4) 


The three-state output buffer provides direct TTL compatibility (no pull-up resistor required) with a fan-out of two 
Serie s 74 TTL loads. Data-out is the same polarity as data-in. The output is in the high-impedance (floating) state 
until CAS is brought low. In a r ead cycle the output goes active after the access time interval ta(C) that begins with 
the negative transition of CAS as long as ta(R) and ta(G) are satisfied. The output becomes valid after the access 
time has elapsed and remains valid while CAS and G are low. CAS or G going high returns it to a high-impedance 
state. In a delayed-write or read-modify-write cycle, the output must be put in the high impedance state prior to apply¬ 
ing data to the DQ input. This is accomplished by bringing G high prior to applying data, thus satisfying tcHD- 

output enable (G) 

The G controls the impedance of the output buffers. When G is high, the buffers will remain in the high impedance 
state. Bringing G low during a normal cycle will activate the output buffers putting them in the low impedance state. 
It is necessary for both RAS and CAS to be brought low for the output buffers to go into the low impedance state. 
Once in the low impedance state they will remain in the low impedance state until G or CAS is brought high. 

refresh 

A refresh operation must be performed at least once every four milliseconds to retain data. This can be achieved by 
strobing each of the 256 rows (A0-A7). A normal read or write cycle will refresh all bits in each row that is selected. 
A RAS-only operation can be used by holding CAS at the high (inactive) level, thus conserving power as the output 
buffer remains in the high-impedance st ate. H idden refresh may be performed while maint aining valid data at the out¬ 
put pin. This is accomplished by holding CAS at V|l after a read operation and cycling RAS after a specified pre-charge 
period, similar to a "RAS-only” refresh cycle. 

CAS-before-RAS refresh (optional) 

The optiona l CAS -before-RAS refresh is utilized by bringing CAS low earlier than RAS (see parameter tCLRL) ^^d holding 
it low after R AS fa lls (see parameter tpLCHR)- Fof successive CAS-before-RAS refresh cycles, CAS can remain low 
while cycling RAS. The external address is ignored and the refresh address is generated internally. For devices with 
this option, the external address is also ignored during the hidden refresh cycles. 
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65,536-WORD BY 4-BiT DYNAMIC RAM 


page-mode 

Page-mode operation allows effectively faster memory access by keeping the same row address and strobing random 
column addresses onto the chip. Thus, the time required to setup and strobe sequential row addresses for the same 
page is eliminated. The maximum number of columns that can be addressed is determined by tw(RL)- fhe maximum 
RAS low pulse width. For example, with a minimum cycle time (tc(P) = 11 0 ns) approximately 90 of the 256 columns 
can be accessed. 

power-up 

To achieve proper device operation, an initial pause of 200 /is is required after power-up followed by a minimum of 
eight initialization cycles. ^ 

logic symbol'l' 


AO 

A1 

A2 

A3 

A4 

AS 

A6 

A7 


(14) 


(13) 


( 12 ) 


(111 


(81 


(7) 


( 6 ) 


( 10 ) 


^ >5) 


|-C^>C21 
■ p-G24 

crsJHU^ — 


— (4) 
W 

G 


(II 




RAM 64K X 4 
20D8/21D0 ~ 


20D15/21D7_^ 
Jt^>C20[ROWJ " 


65535 


G23/[REFRESH ROW] 
24[PWR OWN] 
C21(C0L1 


23,21D 


■23C22 


24,25EI\I 


G25 


( 2 ) 


DQ2 

DQ3 

DQ4 


(3) 


■Q 


(15) 


(17) 


A,22D 

V 26 


A.Z26 + 


1 This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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TMS4464 

65,536-WORD BY 4-BIT DYNAMIC RAM 


functional block diagram 



absolute maximum ratings over operating free-air temperature range (unless otherwise noted)'!' 


Voltage on any pin including Vdd supply (see Note 1) . -1Vto7V 

Short circuit output current . 50 mA 

Power dissipation . 1 W 

Operating free-air temperature range . 0°C to 70°C 

Storage temperature range . -65 °C to 150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: All voltage values in this data sheet are with respect to V 55 . 


recommended operating conditions 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply voltage, Vqd 

4.5 

5 

5.5 . 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|h 

2.4 


Vdd + 0-3 

V 

Low-level input voltage, V|l (see Note 2) 

-1 


0.8 

V 

Operating free-air temperature, Ta 

0 


70 

°C 


NOTE 2: The algebraic convention, where the more negative (less positive) limit Is designated as maximum, is used in this data sheet for logic voltage levels only. 
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TMS4464 

65.536-WORD BY 4-BIT DYNAMIC RAM 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


High-level output voltage 


Low-level output voltage 


Input current (leakage) 


Output current (leakage) 


Average operating current 
during read or write cycle 


TEST CONDITIONS 


Iqh = -5 fTiA 


lOL = 4.2 mA 


V|=0 V to 5.8 V, Vod = 5 V, 
All other pins = 0 V to 5.8 V 


Vo = 0 V to 5.5 V, 
Vdd = 5 V, ' 

CAS high 


Standby current 


Average refresh current 


After 1 memory cycle. 


RAS and CAS high 


tc = minimum cycle, 
RAS cycling, 

CAS high 


‘ ^c(P) = minimum cycle, 

IdD 4 Average page-mode current RAS low, 

CAS cycling 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


TMS4464-10 

TMS4464-12 

MIN TYP^ MAX 

MIN TYP1^ MAX 

2.4 

2.4 

0.4 

0.4 

±10 

±10 

±10 

±10 

80 TBD 

70 TBD 

2.5 5 

2.5 5 

65 TBD 

55 TBD 

55 TBD 

45 TBD 



High-level output voltage 


Low-level output voltage 


Input current (leakage) 


lo 

Output current (leakage) 

'ddi 

Average operating current 
during read or write cycle 

IdD2 

Standby current 

IdD3 

Average refresh current 

IdD4 

Average page-mode current 


TEST CONDITIONS 


Iqh = -5 mA 


Iql = 4.2 mA 


Vi=0 V to 5.8 V, Vdd = 5 V 
All other pins = 0 V to 5.8 V 


Vo = 0 V to 5.5 V, 
VpD = 5 V, 

CAS high 


After 1 memory cycle. 


RAS and CAS high 


tc = minimum cycle, 
RAS cycling. 


tc(p) = minimum cycle. 


TMS4464-15 

TMS4464-20 

MIN TYPt MAX 

MIN TYpf MAX 


CAS cycling 


^ All typical values are at = 25 "C and nominal supply voltages. 


±10 

±10 

aA 

±10 

±10 

aA 

60 TBD 

50 TBD 

mA 

2.5 5 

2.5 5 

mA 

50 TBD 

40 TBD 

mA 

40 TBD 

30 TBD 

mA 
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TMS4464 

65,536 W0RD BY 4-BIT DYNAMIC RAM 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


PARAMETER 

TMS4164 

UNIT 

TYP^ 

MAX 

Ci(A) 

Input capacitance, address inputs 

4 

7 

pF 

Ci(RC) 

Input capacitance strobe inputs 

8 

10 

■ai' 

Ci(W) 

Input capacitance, write enable input 

8 

10 

pF 

*-i/o 

Output capacitance 

8 

10 

pF 


^ All typical values are at = 25 °C and nominal supply voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

TMS4464-10 

TMS4464-12 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

^a(C) 

Access time from CAS 

tRLCL a max. Cl = 100 pF, 
Load = 2 Series 74 TTL gates 

tCAC 

60 

70 

ns 

^a(R) 

Access time from RAS 

tRLCL = max. Cl = 100 pF, 
Load = 2 Series 74 TTL gates 

tRAC 

100 

120 

ns 

ta(G)* 

Access time after 

G low 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tGAC 

30 

35 

ns 

tdis(CH) 

Output disable time 
after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tOFF 

0 

30 

0 

30 

ns 

^dis(G) 

Output disable time 
after G high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

'GOFF 

0 

30 

0 

30 

ns 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

ALT. 

TMS4464-15 

TMS4464-20 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

ta(C) 

Access time from CAS 

tRLCL 2 max. Cl = 100 pF, 
Load = 2 Series 74 TTL gates 

o 

> 

o 

85 

120 

ns 

ta(R) 

Access time from RAS 

tRLCL = max. Cl = 100 pF, 
Load = 2 Series 74 TTL gates 

tRAC 

150 

200 

ns 

ta(G)* 

Access time after 

G low 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tGAC 

45 

55 

ns 

tdis(CH) 

Output disable time 
after CAS high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tOFF 

0 

30 

0 

35 

ns 

tdis(G) 

Output disable time 
after G high 

Cl = 100 pF, 

Load = 2 Series 74 TTL gates 

tGOFF 

0 

30 

0 

35 

ns 


* <a(C) ta(R) must be satisfied to guarantee tajc). 
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TMS4464 

65,536-WORD BY 4-BIT DYNAMIC RAM 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

. 

ALT. 

TMS4464-10 

TMS4464-12 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

tc(P) 

Page mode cycle time 

tpc 

110 

130 

ns 

tc(PM) 

Page-mode cycle time (read-modify-write cycle) 

tPCM 

180 

210 

ns 

tc(rd) 

Read cycle time^ 

fRC 

200 

230 

ns 

tc(W) 

Write cycle time 

twc 

200 

230 

ns 

tc(rdW) 

Read-write/read-modify-write cycle time 

tRWC 

270 

310 

ns 

tw(CH)P 

Pulse duration, CAS high (page mode) 

tCP 

40 

50 

ns 

tw(CH) 

Pulse duration, CAS high (non-page mode) 

tCPN 

40 

50 

ns 

tw(CL) 

Pulse duration, CAS low^ 

tCAS 

60 

10,000 

70 

10,000 

ns 

tw(RH) 

Pulse duration, RAS high (precharge time) 

tRP 

90 

100 

ns 

tw(RL) 

Pulse duration, RAS low^ 

»RAS 

100 

10,000 

120 

10,000 

ns 

tw(W) 

Write pulse duration 

twp 

35 

40 

ns 

tt 

Transition times (rise and fall) for RAS and CAS 

n 

3 

50 

3 

50 

ns 

tsu(CA) 

Column address setup time 

tASC 

0 

0 

ns 

tsu(RA) 

Row address setup time 

tASR 

0 

0 

ns 

tsu(D) 

Data setup time 

tDS 

0 

0 

ns 

’^su(rd) 

Read command setup time 

tRCS 

0 

0 

ns 

tsu(WCL) 

Early write command setup 

time before CAS low 

twcs 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

tCWL 

30 

40 

ns 

tsu(WRH) 

Write command setup time before RAS high 

tRWL 

30 

40 

ns 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

20 

20 

ns 

th(RA) 

Row address hold time 

tRAH 

15 

15 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

60 

70 

ns 

th(CLD) 

Data hold time after CAS low 

tDH 

30 

35 

ns 

th(RLD) 

Data hold time after RAS low 

tDHR 

70 

85 

ns 

th(WLD) 

Data hold time after W low 

tDH 

30 

35 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

ns 

th(RHrd) 

Read command hold time after RAS high 

tRRH 

10 

10 

ns 

th(CLW) 

Write command hold time after CAS low 

tWCH 

30 

35 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

70 

85 

ns 

tRLGHR 

Delay time, RAS low to CAS highT 

tCHR 

20 

25 

ns 

tRLCH 

Delay time, RAS low to CaS high 

tCSH 

100 

120 

ns 

^CHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

tRSH 

60 

70 

ns 

tCLWL 

Delay time, CAS low to W low 
(read-modify-write cycle only)^ 

tCWD 

95 

105 

ns 

tCLRL 

Delay time, CAS low to RAS low^ 

tCSR 

20 

25 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

25 

40 

25 

50 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only)^ 

tRWD 

135 

155 

ns 

tQHD 

Delay time, G high before 
data applied at DQ 

tGDD 

30 

30 

ns 

trf 

Refresh time interval 

tREF 

4 

4 

ms 


^ All cycle times assume = 5 ns. 

* In a read-modify-write cycle, t^LyyL ^su(WCH) niust be observed. Depending 
(twICL)^- 

3 In a read-modify-wrIte cycle, tpLy^/L ^nd tsu(WRH) niust be observed. Depending 
llwiRD^- 

" CAS-before-RA^ refresh option only. 

must disable the output buffers prior to applying data to the device. 


on the user's transition times, this may 
on the user's transition times, this may 


require additional CAS low time 
require additional RAS low time 
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TMS4464 
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timing requirements over recommended suppiy voltage range and operating free-air temperature range 


PARAMETER 

ALT. 

TMS4464-15 

TMS4464-20 

UNIT 

SYMBOL 

MIN 

MAX 

MIN 

MAX 

tc(P) 

Page mode cycle time 

tpc 

155 

210 

ns 

tc(PM) 

Page-mode cycle time (read-modify-write cycle) 

tPCM 

240 

315 

ns 

tc(rd) 

Read cycle timet 

tRC 

260 

330 

ns 

tc(W) 

Write cycle time ■ 

twc 

260 

330 

ns 

tc(rdW) 

Read-write/read-modify-write cycle time 

fRWC 

345 

435 

ns 

tw(CH)P 

Pulse duration, CAS high (page mode) 

tCP 

60 

80 

ns 

tw(CH) 

Pulse duration, CAS high (non-page mode) 

tPCN 

60 

80 

ns 

tw(CL) 

Pulse duration, CAS lowt 

tCAS 

85 

10,000 

120 

10,000 

ns 

tw(RH) 

Pulse duration, RAS high (precharge time) 

tRP 

100 

120 

ns 

tw(RL) 

Pulse duration, RAS low^ 

tRAS 

150 

10,000 

200 

10,000 

ns 

tw(W) 

Write pulse duration 

twp 

45 

55 

ns 

tt 

Transition times (rise and fall) for RAS and CAS 

tT 

3 

50 

3 

50 

ns 

tsu(CA) 

Column address setup time 

tASC 

0 

0 

ns 

tsu(RA) 

Row address setup time 

tASR 

0 

0 

ns 

tsu{D) 

Data setup time 

Ids 

0 

0 

ns 

tsu(rd) 

Read command setup time 

tRCS 

0 

0 

ns 

tsulWCU 

Early write command setup 

time before CAS low 

twcs 

0 

0 

ns 

tsu(WCH) 

Write command setup time before CAS high 

<CWL 

45 

60 

ns 

tsu(WRH) 

Write command setup time before RAS high 

fRWL 

45 

60 

ns 

th(CLCA) 

Column address hold time after CAS low 

tCAH 

25 

45 

ns 

th(RA) 

Row address hold time 

tRAH 

15 

20 

ns 

th(RLCA) 

Column address hold time after RAS low 

tAR 

90 

125 

ns 

th(CLD) 

Data hold time after CAS low 

tDH 

45 

55 

ns 

th(RLD) 

Data hold time after RAS low 

tDHR 

110 

135 

ns 

th(WLD) 

Data hold time after W low 

tDH 

45 

55 

ns 

th(CHrd) 

Read command hold time after CAS high 

tRCH 

0 

0 

ns 

th(RHrd) 

Read command hold time after RAS high 

tRRH 

10 

15 

ns 

th(CLW) 

Write command hold time after CAS low 

tWCH 

45 

55 

ns 

th(RLW) 

Write command hold time after RAS low 

tWCR 

110 

135 

ns 

tRLCHR 

Delay time, RAS low to CAS high^ 

. tcHR 

30 

35 

ns 

tRLCH 

Delay time, RAS low to CAS high 

tCSH 

150 

200 

ns 

tCHRL 

Delay time, CAS high to RAS low 

tCRP 

0 

0 

ns 

tCLRH 

Delay time, CAS low to RAS high 

tRSH 

85 

120 

ns 

tCLWL 

Delay time, CAS low to W loyv 
(read-modify-write cycle only)^ 

tCWD 

120 

160 

ns 

tCLRL 

Delay time, CAS low to RAS lowl 

tCSR 

30 

35 

ns 


Delay time, RAS low to CAS low 







tRLCL 

(maximum value specified only 
to guarantee access time) 

tRCD 

25 

65 

30 

80 

ns 

tRLWL 

Delay time, RAS low to W low 
(read-modify-write cycle only)^ 

tRWD 

185 

240 

ns 

tQHD 

Delay time, G high before 
data applied at DQ 

tGDD 

30 

35 

ns 

trf 

Refresh time interval 

_IEEE_ 

4 

4 

ms 


t All cycle times assume tt = 5 ns. 

* In a read-modify-write cycle, tQLyyL and tsu(WCH) must be observed. Depending on the user's transition times, this may require additional CAS low time 

(tw(CL)>- _ 

’ In a read-modify-write cycie, tpLyyL and tsu(WRH) must be observed. Depending on the user's transition times, this may require additionai RAS low time 
<*w(RLl)- _ 

I CAS-before-RAS refresh option only. 

^ G must disable the output buffers prior to applying data to the device. 
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TMS4464 

65,536-WORD BY 4-BIT DYNAMIC RAM 


read cycle timing 
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TMS4464 

65,536 W0RD BY 4-BIT DYNAMIC RAM 


early write cycle timing 


RAS V|H' 


CAS ''IH- 


1«— tt 
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TMS4464 

65,536 W0RD BY 4-BIT DYNAMIC RAM 


read-write/read-modify-write cycle timing 
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NOTE: 


A write cycle or read-modify-write cycle can be intermixed with read cycles as long as the write and read modify-write timing specifications are not violated. 
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NOTE: A read cycle or a read-modify write cycle can be intermixed with write cycles as long as read and read-modify-write timing specifications are not violated. 
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NOTE: A read cycle or a write cycle can be intermixed with read-modify-write cycles as long as read and write timing specifications are not violated. 
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^ For devices with CAS-before-RAS refresh option only. __ _ 

^ Row address is required only for devices without CAS-before-RAS refresh option. Row address is "don't care" for devices with CAS-before-RAS option. 
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MEMORY SUPPORT 
LSI 


Controls Operation of 8K/16K/32K/64K 
Dynamic RAMs 

Creates Static RAM Appearance 

One Package Contains Address Multiplexer. 
Refresh Control, and Timing Control 


• Directly Addresses and Drives Up to 256K 
Bytes of Memory Without External Drivers 


• Operates from Microprocessor Clock 

- IMo Crystals, Delay Lines, or RC Networks 

- Eliminates Arbitration Delays 

• Refresh May Be Internally or Externally 
Initiated 


o Versatile 

- Strap-Selected Refresh Rate 

- Synchronous, Predictable Refresh 

- Selection of Distributed, Transparent, and 
Cycle-Steal Refresh Modes 

- Interfaces Easily to Popular Micropro¬ 
cessors 

• Strap-Selected Wait State Generation for 
Microprocessor/Memory Speed Matching 

• Ability to Synchronize or Interleave Con¬ 
troller with the Microprocessor System 
(Including Multiple Controllers) 

• Three-State Outputs Allow Multiport 
Memory Configuration 

• Performance Ranges of 150 ns/200 ns/ 

250 ns 


TIVIS4500A 
DYNAMIC RAM CONTROLLER 

JANUARY 1982 - REVISED APRIL 1983 


TIV1S4500A . . . NL PACKAGE 
(TOP VIEW) 


CLK H 
RDY H 
REN1 C 
CS C 
ALE C 
RAS P C 
RAS1 C 
A^ C 

ACW C 

CASC 

RAOC 

caoQ 

MAO n 
MAI [2 
CA1 

RAi r 

RA2 Q 
CA2 Q 
MA2 Q 
GND □ 


TI74oh 


8p 




Vcc 

pREFREQ 

TWST 

pFSO 

pFSI 

R A7 
I]CA7 
I]mA7 
I1mA6 

□ CA6 
[]rA6 

□ RA5 
^CA5 
]MA5 
^ RA4 
I]CA4 
3mA4 
Dr A3 
DcA3 
DMA3 



description 

The TMS4500A is a monolithic DRAM system controller designed to provide address multiplexing, timing, control 
and refresh/access arbitration functions to simplify the interface of dynamic RAMs to microprocessor systems. 

The controller contains a 16-bit multiplexer that generates the address lines for the memory device from the 16 system 
address bits and provides the strobe signals required by the memory to decode the address. An 8-bit refresh counter 
generates the 256-row addresses required for refresh. 

A refresh timer is provided that generates the necessary timing to refresh the dynamic memories and assure data 
retention. 

The TMS4500A also contains refresh/access arbitration circuitry to resolve conflicts between memory access requests 
and memory refresh cycles. The TMS4500A is offered in a 40-pin, 600-mil dual-in-line plastic package and is guaranteed 
for operation from 0°C to 70 °C. 


Copyright © 1983 by Texas Instruments Incorporated 

Texas Instruments 


rNCORPORATED 


4-125 


Dynamic RAM and Memory Support Devices 




Dynamic RAM and Memory Support Devices 


TIVIS4500A 

DYNAMIC RAM CONTROLLER 


BLOCK DIAGRAM 



pin descriptions 



RAO -RA7 

Input 

Row Address — These address inputs are used to generate the row address for 
the multiplexer. 

CAO-CA7 

Input 

Column Address — These address inputs are used to generate the column address 
for the multiplexer. 

MAO - MA7 

Output 

Memory Address — These three-state outputs are designed to drive the addresses 
of the dynamic RAM array. 

ALE 

Input 

Address Latch Enable — This input is used to latch the 16 address inputs, CS and 


REN1. This also initiates an access cycle if chip select is valid. The rising edge 
(low level to high level) of ALE returns RAS to the high level. 
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pin descriptions (continued) 

CS Input 

RENT INPUT 

ACR, ACW Input 

CLK Input 

REFREQ Input/Output 


RASO, RAS1 Output 

CAS Output 

RDY Output 

TWST Input 

FSO, FS1 Inputs 


Chip Select — A low on this input enables an access cycle. The trailing edge of 
ALE latches the chip select input. 

RAS Enable 1 — This input is used to select one of two banks of RAM via the 
RASO and RAS1 outputs when chip select is present. When it is low, RASO is 
selected; when it is high, RAS1 is selected. 


Access Control, Read; Access Control, Write — A low on either of these inputs 
causes the column address to appear on MAO - MA7 and the colum n add ress 
strobe. The rising edge of ACR or ACW terminates the cycle by ending RAS and 
CAS strobes. When ACR and ACW are both low, MAO - MA7, RASO, RAS1, and 
CAS go into a high-impedance (floating) state. 


System Clock — This input provides the master timing to generate refresh cycle 
timings and refresh rate. Refresh rate is determined by the TWST, FS1, FSO 
inputs. 

Refresh Request — (This input should be driven by an open-collector output.) 
On input, a low-going edge initiates a refresh cycle and will cause the internal 
refresh timer to be reset on the next falling edge of the CLK. As an output, a 
low-going edge signals an internal refresh req uest and t hat the refresh timer will 
be reset on the next low-going edge of CLK. REFREQ will remain low until the 
refresh cycle is in progress and the current refresh address is present on MA0-MA7. 
(Note; REFREQ contains an internal pull-up resistor with a nominal resistance 
of 10 kilohms.) 



Row Address Strobe — These three-state outputs are used to latch the row address 
into the bank of DRAMs selected by REN1. Qn refresh both signals are driven. 

Column Address Strobe — This three-state output is used to latch the column 
address into the DRAM array. 

Ready — This totem-pole output synchronizes memories that are too slow to 
guarantee microprocessor access time requirements. This output is also used to 
inhibit access cycles during refresh when in cycle-steal mode. 

Timing/Wait Strap — A high on this input indicates a wait state should be added 
to each memory cycle. In addition it is used in conjunction with FSO and FS1 to 
determine refresh rate and timing. 

Frequency Select 0; Frequency Select 1 — These are strap inputs to select Mode 
and Frequency of operation as shown in Table 1. 
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TMS4500A 

DYNAMIC RAM CONTROLLER 



TABLE 1 - STRAP CONFIGURATION 


STRAP INPUT MODES 

WAIT 

STATES 

FOR 

MEMORY 

ACCESS 

REFRESH 

RATE 

MINIMUM 

CLK FREQ. 

(MHz) 

REFRESH 

FREQ. (kHz) 

CLOCK 

CYCLES 

FOR EACH 

REFRESH 

TWST 

FS1 

FSO 

L 

L 

Lt 

0 

EXTERNAL 

_ 

REFREQ 

4 

L 

L 

H 

0 

CLK ^31 

1.984 

64 - 95* 

3 

L 

H 

L 

0 

CLK ^46 

2.944 

64 - 85* 

3 

L 

H 

H 

0 

CLK+ 61 

3.904 

64-825 

4 

H 

L 

L 

1 

CLK + 46 

2.944 

64 - 85* 

3 

H 

L 

H 

1 

CLK+ 61 

3.904 

64 - 80* 

4 

H 

H 

L 

1 

CLK + 76 

4.864 

64 - 77* 

4 

H 

H 

H 

1 

CLK + 91 

5.824 

00 

00 

CO 

4 


^ This strap configuration resets the Refresh Timer circuitry. 

* Upper figure in refresh frequency is the frequency that is produced if the minimum CLK frequency of the next select state is used. 
§ Refresh frequency if CLK frequency is 5 MHz. 

H Refresh frequency if CLK frequency is 8 MHz. 


functional description 

TMS4500A consists of six basic blocks; address and select latches, refresh rate generator, refresh counter, the multi¬ 
plexer, the arbiter, and the timing and control block. 

address and select latches 

The address and select latches allow the DRAM controller to be used in systems that multiplex address and data on 
the same lines without external latches. The row address latches are transparent, meaning that while ALE is high, the 
output at MAO - MA7 follows the inputs RAO - RA7. 

refresh rate generator 

The refresh rate generator is a counter that indicates to the arbiter that it is time for a refresh cycle. The counter 
divides the clock frequency according to the configuration straps as shown in Table 1. The counter is reset when a 
refresh cycle is requested or when TWST, FS1 and FSO are low. The configuration straps allow the matching of 
memories to the system access time. 

Upon Power-Up it is necessary to provide a reset signal by driving all three straps to the controller low to initialize 
internal counters. A system's low-active, power-on reset (hESET) can be used to accomplish this by connecting it to 
those straps that are desired high during operation. During this reset period, at least four clock cycles should occur. 

refresh counter 

The refresh counter contains the address of the row to be refreshed. The counter is decremented after each refresh 
cycle. [A low-to-high transition on TWST sets the refresh counter to FF 15 (255io).] 

multiplexer 

The multiplexer provides the DRAM array with row, column, and refresh addresses at the proper times. Its inputs are 
the address latches and the refresh counter. The outputs provide up to 16 multiplexed addresses on eight lines. 
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arbiter 

The arbiter provides two operational cycles: access and refresh. The arbiter resolves conflicts between cycle requests 
and cycles in execution, and schedules the inhibited cycle when used in cycle-steal mode. 


timing and control block 

The t iming and control block executes the operational cycle at the request of the arbiter. It provides the DRAM array 
with RAS and CAS signals. It provides the CPU with a RDY signal. It controls the multiplexer during all cycles. It 
resets the refresh rate generator and decrements the refresh counter during refresh cycles. 


absolute maximum ratings over operating ambient temperature range (unless otherwise noted) 


Supply voltage range, Vcc (see Note 1) 
Input voltage range (any input) (see Note 1) 

Continuous power dissipation . 

Operating ambient temperature range . . 
Storage temperature range . 


-1.5 V to 7 V 
-1.5 V to 7 V 


. 1.2W 

. . 0°C to 70°C 
-65°Cto 150°C 



recommended operating conditions 


PARAMETER 

MIN NOM 

MAX 

UNIT 

Supply voltage, Vqc 

4.5 5 

5.5 

V 

High-level input voltage, V|H 

2.4 

6 

V 

Low-level input voltage, V|l 

-1» 

0.8 

V 

Operating ambient^ temperature, Ta 

0 

70 

°c 


^ Stresses beyond those listed under “Absolute Maximum Ratings" may cause permanent damage to the device. This Is stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

* The algebraic convention, vyhere the more negative limit is designated as minimum, is used in this data sheet for logic voltage levels only. 

NOTE 1: Voltage values are with respect to the ground terminal. 


electrical characteristics over recommended operating ambient temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt MAX 

UNIT 

High-level 

Vf^u 

output voltage 

MA0-MA7, RDY 

'oh = " '^CC = 4.5 V 

2.4 

V 

R^, RAS1, 

2.7 

REFREQ 

Ioh = ioomA Vcc = 4.5 V 

2.4 

Vql Low-level output voltage 

Iql — ^ fTiA Vqc = 4.5 V 

0.4 

V 

High-level 

MM 

input current 

REFREQ 

V, = 5.5 V 

100 

pA 

All others 

10 

Low-level 

In 

"" input current 

REFREQ 

V, = 0 V 

-1.25 

mA 

All others 

-10 

pA 

Iqz Off-State output current 

Vo=0to4.5V Vcc = 5.5 V 

±50 

pA 

'CC Operating supply current 

Ta = o-c 

100 140 

mA 

Cj Input capacitance 

V, = 0 V, f = 1 MHz 

5 

pF 

Cq Output capacitance 

Vq = 0 V, f = 1 MHz 

6 

pF 


^ All typical values are at Vcc = 5 V, T/^ = 25“C except where otherwise noted. 
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timing requirements over recommended supply voltage range and operating ambient temperature range 


PARAMETER 

TMS4500A-15 

TMS4500A-20 

TMS4500A-25 

UNIT 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tc(C) 

CLK cycle time 

100 

100 

140 


^w(CH) 

CLK high pulse width 

20 

20 

20 


tw(CL) 

CLK low pulse width 

35 

35 

35 


tt 

Transition time, all inputs 

50 

50 

50 


tAEL-CL 

Time delay, ALE low to CLK 
starting low (see Note 1) 

10 

10 

15 


tCL-AEL 

Time delay, CLK low to ALE 
starting low (see Note 1) 

10 

10 

15 


tCL-AEH 

Time delay, CLK low to ALE 
starting high (see Note 2) 

15 

20 

20 


tw(AEH) 

Pulse width ALE high 

50 

60 

60 

ns 

tAV-AEL 

Time delay, address, REN1, CS 

valid to ALE low 

5 

10 

15 


tAEL-AX 

Time delay, ALE low to address 

not valid 

10 

10 

10 


tAEL-ACL 

Time delay, ALE low to ACX low 

(see Notes 3,4,5, and 6) 

th(RA) + 30 

th(RA) + 40 

th(RA) + 50 


tACH-CL 

Time delay, ACX high to CLK low 
(see Notes 3 and 7) 

20 

20 

- 

20 


tACL-CH 

Time delay, ACX low to CLK 
starting high (to remove RDY) 

30 

30 

30 


tRQL-CL 

Time delay, REFREQ low to CLK 
starting low (see Note 8) 

20 

20 

20 


tvv(RQL) 

Pulse width, REFREQ low 

20 

20 

20 



NOTES: 1. 
2 . 

3. 

4. 

5. 

6 . 

7. 

8. 


Coincidence of the trailing edge of CLK and the trailing edge of AL E should be avoided, as the refresh/access occurs on the trailing CLK edge. 
A trailing edge of CLK s hould occur during the interval from ACX high to ALE low. 

If ALE rises before ACX and a refresh request is present, the falling edge of CLK after will output the refresh address to MA0-MA7 

and initiate a refresh cycle. 

These specifications relate to system timing and do not directly reflect device performance _ _ 

On'the access grant cycle following refres h, the occurrence of CAS low depends on the relative occu rrence of AL E low to ACX low. If ACX 
occurs pri or to or coincident with ALE then CAS is timed from the CLK high transition that caus es RA S low. If ACX occurs 20 ns or more after 
ALE then CAS is timed from the CLK low transition following the CLK high transition causi ng RAS low. 

For maximum speed access (internal delays on both acces s and access grant cycles), ACX should occur prior to or coincident with ALE. 
th(RA) is the dynamic memory row address hold time. ACX should follow ALE by t/^EL-CEL systems where the required th(RA) is greater than 
fREL-MAX minimum. 

Minimum of 20 ns is specified to ensure arbitration will occur on falling CLK edge. tACH-CL ®i®° affects precharge time such that the minimum 
tACH- CL sh ould be equal or greater than; tw(RH) “ tw(CL) + ^0 ns (for cycle where ACX high occurs prior to ALE high) where ty^jRR) is the 
DRAM RAS precharge time. 

This parameter is necessary only if refresh arbitration is to occur on this low-going CLK edge (in systems where refresh is synchronized to external 
events). 
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switching characteristics over recommended supply voltage range and operating ambient temperature range 
(see Figure 1) 


PARAMETER 

TEST 

TMS4500A-15 

TMS4500A-20 

TMS4500A-25 

UNIT 

CONDITIONS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

‘AEL-REL 

Time delay, ALE low to 

RAS starting low 


30 

40 

50 


tt(REL) 

RAS fall time 

Cl = 160 pF 

15 

20 

25 


tRAV-MAV 

Time delay, row address valid 

to memory address valid 

40 

50 

60 


‘AEH-MAV 

Time delay, ALE high to 
valid memory address 


55 

70 

90 


‘AEL-RYL 

Time delay, ALE to RDY starting 
low (TWST = 1 or refresh in progress) 

Cl = 40 pF 

20 

25 

35 


lAEL-CEL 

Time delay, ALE low to CAS 
starting low 


60 

150 

75 

200 

100 

250 


‘AEH-REH 

Time delay, ALE high to RAS 
starting high 

Cl = 160 pF 

25 

30 

40 


ttlMAV) 

Address transition time 

15 

20 

25 


tACL-MAX 

Row address hold from ACX low 


15 

20 

25 


‘MAV-CEL 

Time delay, memory address 
valid to CAS starting low 


0 

0 

0 


‘tICELI 

CAS fall time 

Cl =320 pF 

15 

20 

.25 I 


tACL-CEL 

Time delay, ACX low to CAS 
starting low 


50 

90 

65 

130 

85 

165 


‘ACH-REH 

Time delay, ACX to RAS 
starting high 

Cl =160 pF 

- 1 

30 

40 

50 


tt(REH) 

RAS rise time 


15 

20 

25 

ns 

tACH-CEH 

Time delay, ACX high to CAS 
starting high 


5 

30 

10 

40 

15 

50 

ttICEH) 

CAS rise time 

Cl =320 pF 

30 

35 

45 


tACH-MAX 

Column address hold from 

ACX high 

Cl =160 pF 

15 

20 

25 


tCH-RYH 

Time delay, CLK high to RDY starting 
high (after ACX low) (see Note 9) 

Cl = 40 pF 

35 

45 

60 


tRFL-RFL 

Time delay, REFREQ external till 
supported by REFREQ internal 

Cl = 40 pF 

25 

30 

30 


tCH-RFL 

Time delay, CLK high till REFREQ 
internal starting low 

30 

35 

45 


tCL-MAV 

Time delay, CLK low till refresh 

address valid 


75 

100 

125 


fCH-RRL 

Time delay, CLK high till 
refresh RAS starting low 


10 

50 

15 

60 

20 

80 


tMAV-RRL 

Time delay, refresh address 

valid till refresh RAS low 


5 

5 

5 


tCL-RFH 

Time delay, CLK low to REFREQ 
starting high (3 cycle refresh) 

Cl = 160 pF 

45 

55 

75 


tCH-RFH 

Time delay, CLK high to REFREQ 
starting high (4 cycle refresh) 


45 

55 

75 


'CH-RRH 

Time delay, CLK high to refresh 

RAS starting high 


5 

35 

10 

45 

10 

60 


'CH-MAX 

Time delay, refresh address hold 
after CLK high. 


15 

20 

25 



NOTE 9: RDY returns high on the rising edge of CLK. If TWST = 0, then on an access grant cy cle RD Y goes high on the same edge that causes access RAS 
low. If TWST=1, then RDY goes t o th e high level on the first rising CLK edge after ACX goes low on access cycles and on the next rising edge 
after the edge that causes access RAS low on access grant cycles (assuming ACX low). 
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Dynamic RAIVI and Memory Support Devices 


TMS4500A 

DYNAMIC RAM CONTROLLER 


switching characteristics over recommended supply voltage range and operating ambient temperature range 
(see Figure 1) (continued) 


PARAMETER 

TEST 

TMS4500A-15 

TMS4500A-20 

TMS4500A-25 

UNIT 

CONDITIONS 

MIN 

MAX 

MIN 

MAX 

MIN 

MAX 

tCH-REL 

Time delay, CLK high till access 

RAS starting low 


60 

70 

95 


tCL-CEL 

Time delay, CLK low to access 

CAS starting low (see Note 4) 

Cl = 160 pF 

125 

140 

185 


tCL-MAX 

Row address hold after CLK low 


25 

30 

40 


tw(ACL) 

ACX low width 


25 

30 

40 


IREL-MAX 

Row address hold from RAS low 


25 

30 

35 


tt(RYL) 

RDY fall time 

Cl = 40 pF 

10 

15 

20 


ttIRYH) 

RDY rise time 

20 

25 

35 


Idis 

Output disable time {3-state outputs) 


45 

100 

55 

125 

75 

165 

ns 

tAEH-MAX 

Column address hold from ALE high 


10 

15 

20 


ten 

Output enable time (3-state outputs) 

Cl = 160 pF 

0 

65 

0 

80 

0 

105 


tCAV-CEL 

Column address setup to 

CAS after refresh 

0 

0 

0 


tCH-CEL 

Time delay, CLK high to access 

CAS starting low (see Note 4) 


140 

180 

235 


tACL-CL 

ACX low to CLK starting low 

Cl = 40 pF 

25 

35 

45 


tACL-RYH 

ACX low to RDY starting high 

Cl = 40 pF 

40 

50 

60 


tCL-ACL 

CLK low to ACX starting low 

Cl = 40 pF 

0 

0 

0 



NOTE 4: On the access grant cycle following refres h, the occurrence of CAS low depends on the rela tive o ccurre nce o f ALE low to ACX low. If ACX occurs 
prior to or coincident with ALE then CAS is timed from the CLK high transition that c auses RAS low. If ACX occurs 20 ns or more after ALE then 
CAS is timed from the CLK low transition following the CLK high transition causing RAS low. 


PARAMETER MEASUREMENT INFORMATION 



1150 n 
= 160 pF 


FIGURE 1 - LOAD CIRCUIT 
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Dynamic RAM and Memory Support Devices 


TMS4500A 

DYNAMIC RAM CONTROLLER 


ready timing (ACX during CLK high) (see notes 10 thru 13) 



RDY Starting high Is timed from ACX low (tACL-RYH^ condition ACX going low while CLK high. 


NOTES'. 


10. For RDY high transition (during normal access) to be timed from the rising edge of CLK, ACX must occur tCL-ACL Q^^sr the falling edge of CLK. 

11. For ACX prior to the falling edge of CLK by tACL-CL' RDY high transition will be tACL-RYH* 
fACL-CL a limiting parameter for control of RDY to be dependent upon ACX low. 

13. During t he int erval for tACL*CL < MINIMUM to Icl.acl ^ MINIMUM, the control of RDY may vary between the rising clock edge or falling 
edge of ACX, 


ready timing (ACX during CLK low) (see notes 10 thru 13) 



RDY 


RDY starting high is timed from CLK high ItcH-RYH* condition ACX going low while CLK low. 



NOTES: 10. 
11 . 
12 . 
13 . 


For RDY high transition (during normal access) to be timed from the rising edge of CLK, ACX must occur Iql-acL falling edge of CLK. 

For ACX prior to the falling edge of CLK by tACL-CL- f^® ^*'9^ transi tion w ill be IacL-RYH- 

tACL-CL ® lirtiiting parameter for control of RDY to be dependent upon ACX low. 

During t he int erval for tACL-CL MINIMUM to t^L.ACL ^ MINIMUM, the control of RDY may vary between the rising clock edge or falling 
edge of ACX. 
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Dynamic RAM Modules 


ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum¬ 
rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 

Additional information concerning the handling of ESD sensitive devices is 
available from Texas Instruments in a document entitled "Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies. " 

Please contact 

Texas Instruments 
P.O. Box 401560 
Dallas, Texas 75240 

to obtain this brochure. 


MOS 

LSI 


TM4164EC4 

65,536 BY 4 BIT DYNAMIC RAM MODULE 

NOVEMBER 1983 


• 65,536 X 4 Organization 

• Singie +5-V Suppiy (10% Toierance) 


22-PIN 

SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


• 22-Pin Single-in-Line Package (SIP) 

• Utilizes Four 64K Dynamic RAMs in Plastic 
Chip Carrier 

• Long Refresh Period ... 4 ms (256 cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 



ACCESS 

ACCESS 

READ 

READ, 


TIME 

TIME 

OR 

MODIFY. 


ROW 

COLUMN 

WRITE 

WRITE 


ADDRESS 

ADDRESS 

CYCLE 

CYCLE 


(MAX) 

(MAX) 

(MIN) 

(MIN) 

TMS4164-12 

120 ns 

75 ns 

230 ns 

260 ns 

TMS4164-15 

150 ns 

100 ns 

260 ns 

285 ns 

TMS4164-20 

200 ns 

135 ns 

330 ns 

345 ns 


• Common CAS Control with Separate Data-In 
and Data-Out Lines 

• Low Power Dissipation: 


NC (1) 
Vdd (2) 

D1 (3) 
Q1 (4) 
CAS (5) 
A7 (6) 
A5(7) 
A4 (8) 
D2 (9) 
02 ( 10 ) 
W(11) 
A1 (12) 
A3 (13) 
A6(14) 
03(15) 
D3 (16) 
A2(17) 
AO (18) 
RAS (19) 
D4 (20) 
04 (21) 
VSS (22) 





OPERATING STANDBY 

ITYP) (TYP) 

TIVI4164EC4-12 800 mW 70 mW 

TM4164EC4-15 700 mW 70 mW 

TM4164EC4-20 540 mW 70 mW 

• Operating Free-Air Temperature . . . 0°C to 
70°C 


• Upward Compatible with 256K X 4 Single- 
In-Line Package 


PIN NOMENCLATURE 

A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

D1-D4 

Data Inputs 

NC 

No Connection 

Q1-Q4 

Data Outputs 

RAS 

Row Address Strobe 

Vdd 

+ 5-V Supply 

vss 

Ground 

W 

Write Enable 


description 

Tlie TIVI4164EC4 is a 256K, dynamic random-access memory module organized as 65,536 x4 bits in a 22-pin single¬ 
in-line package comprising four TI\/IS4164FPL, 65,536 x 1 bit dynamic RAM's in 18-lead plastic cfiip carriers mounted 
on top of a substrate together with two 0.2 /tF decoupling capacitors. Each TMS4164FPL is described in the TMS4164 
data sheet and is fully electrically tested and processed according to Tl's MIL-STD-883B (as ammended for commer¬ 
cial applications) flows prior to assembly. After assembly onto the substrate, a further set of electrical tests is per¬ 
formed. The TM4164EC4 is rated for operation from O^C to 70°C. 

upward compatibility 

Future 256K x4 memory modules in single-in-line packages will have identical pin functions and spacing, but will be 
5,1 mm (0.2 inches) longer than the TM4164EC4; the length of the 256K x 4 (TM4256EE4) will be 61,0±0,6 mm 
MAX (2.400±0.025 inches MAX). To ensure compatibility between the two devices, enough clearance should be 
allowed on the PC board design to accomodate the increased length of the TM4256EE4. Pin 1 of the TM4256EE4 
module will be memory address A8. 
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Dynamic RAM Modules 


TM41G4EC4 

65.536 BY 4 BIT DYNAMIC RAM MODULE 


operation 

The TM4164EC4 operates as four TMS4164s connected as shown in the functional block diagram. Refer to the 
TMS4164 data sheet for details of its operation. 

specifications 

For TI\/IS4164 electrical specifications, refer to the TMS4164 data sheet. 

singie-in-iine package and components 

PC substrate: 0,79 mm (0.031 inch) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin over brass 


logic symbol'll 

(18) 

Z30 

M 

A- 


A3 


A1 

Z34 

235 

AS 

A6 

(6). 

237 

238 

239 

240 



W -111!_ta* 


functional block diagram 


RAM 64K X 4 


D1 

D2 

D3 

D4 


(3) 


(9) 


(16) 


( 20 ) 


30 

31 

32 

33 

34 

35 

36 

37 

38 
38 

38 

39 
39 

39 

40 

40 

41 


+ 20D8/21D0 


20D15/21D^ 
>C20[ROW] 
G23/[REFRESH ROW] 
24 (PWR OWN] 
>C21[COL] 

G24 


+ 23,210 24EN 


23C22 


+ A,22D 


A V 


(4) 


( 10 ) 


(15) 


( 21 ) 


Q2 

Q3 

Q4 


(18) 

(12) 


(17) 


(13) 

s 

(8) 

s 

(7) 

\ 

(14) 

. ^ 




RAS 
CAS ■ 


RAM 64K X 1 

AO A7 

RAS 

CAS 

W 

D 

VdD Vss 


RAM 64K X 1 

A0-A7 

RAS 

CAS 

W 

D 

vdd Vss 


RAM 64K X 1 

A0-A7 

RAS 

CAS 

W 

O 

Vdd Vss 


RAM 64K X 1 

A0-A7 

RAS 

CAS 

W 

D 

Vdd Vss 


Vss 


0.2 i ( 

(22) I I 


^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions in IEEE and lEC. See explanation on page 10-1. 
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TM4164EC4 

65,536 BY 4-BIT DYNAMIC RAM MODULE 


22-pin single-in-line package 


MECHANICAL DATA 



(55,9 X 11,4 mm) Max Access L0°Cto70°C 

(2.2 X 0.45 inches) -12 120 ns 

-15 150 ns 
-20 200 ns 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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TIVI4164EL9 

65,536 BY g-BIT DYNAMIC RAM MODULE 


• 65,536 X 9 Organization 

• Singie +5-V Suppiy (10% Toierance) 

• 30-Pin Singie-ln-Line Package (SiP) 

• Utiiizes Nine 64K Dynamic RAMs in Plastic 
Chip Carrier 

o Long Refresh Period ... 4 ms (256 cycles) 

• All Inputs, Outputs, Clocks Fully TTL 
Compatible 

• 3-State Outputs 

• Performance of Unmounted RAMs: 


• Common CAS Control for Eight Common 
Data-In and Data-Out Lines 

• Separate CAS Control for One Separate Pair 
of Data-In and Data-Out Lines 


• Low Power Dissipation: 


TM4164EL9-12 

TM4164EL9-15 

TM4164EL9-20 


OPERATING 

(TYP) 

1800 mW 
1575 mW 
1215 mW 


STANDBY 
(TYP) 
157.5 mW 
157.5 mW 
157.5 mW 


NOVEMBER 1983 


30-PIN 

SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


VPD (1) 
CAS (2) 
DQ1 (3) 
AO (4) 
A1 (5) 
DQ2 (6) 
A2 (7) 
A3 (8) 

Vss (9> 

DQ3 (10) 
A4 (11) 



ACCESS 

ACCESS 

READ 

READ, 

A5 


TIME 

TIME 

OR 

MODIFY. 

DQ4 


ROW 

COLUMN 

WRITE 

WRITE 

A6 


ADDRESS 

ADDRESS 

CYCLE 

CYCLE 

A7 


(MAX) 

(MAX) 

(MIN) 

(MIN) 

DQ5 

TMS4164-12 

120 ns 

75 ns 

230 ns 

260 ns 

NC 

TMS4164-15 

150 ns 

100 ns 

260 ns 

285 ns 

NC 

TMS4164-20 

200 ns 

135 ns 

330 ns 

345 ns 

NC 


DQ6 (20) 
W (21) 

Vss (22) 

DQ7 (23) 
NC (24) 
DQ8 (25) 
Q9 (26) 
RA S (27) 
CAS9 (28) 
D9 (29) 

Vdd (30) 



• Operating Free-Air Temperature . . . 0°C to 70°C 


description 

The TIVIAI64EL9 is a 576K, dynamic random-access 
memory module organized as 65,536 x 9 bits [bit nine 
(D9, Q9) is generally used for parity and is controlled 
by CAS9] in a 30-pin single-in-line package compris¬ 
ing nineTMS4164FPL, 65,536 x 1 bit dynamic RAM's 
in 18-lead plastic chip carriers mounted on top of a 
substrate together with eight 0.2 nF decoupling 
capacitors. Each TMS4164FPL is described in the data 
sheet and is fully electrically tested and processed 
according to Tl's MIL-STD-883B (as ammended for 
commercial applications) flows prior to assembly. 
After assembly onto the SIP, a further set of electrical 
tests is performed. The TM4164EL9 is rated for opera¬ 
tion from 0°C to 70 °C. 


PIN NOMENCLATURE I 

A0-A7 

Address Inputs 

CAS, CAS9 

Column Address Strobes 

DQ1-DQ8 

Data In/Data Out 

D9 

Data In 

NC 

No Connection 

09 

Data Out 

RAS 

Row Address Strobe 

Vdd 

-1- 5-V Supply 

Vss 

Ground 

W 

Write Enable 


PRODUCT PREVIEW 
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TM4164EL9 

65,536 BY S-BIT DYNAMIC RAM MODULE 
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TM4164ELg 

65,536 BY 9-BIT DYNAMIC RAM MODULE 


operation 

The TM4164EL9 operates as nine TMS4164s connected as shown in the functional block diagram. Refer to the 
TMS4164 data sheet for details of its operation. 

specifications 

For TMS4164 electrical specifications, refer to the TMS4164 data sheet. 

single-in-line package and capacitors 

PC substrate; 0,79 mm (0.031) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin over brass 


MECHANICAL DATA 


30-pin single-in-line package 



Tl single-in-line package nomenclature 



(76,2 X 16,5 mm) Max Access L 0°C to 70 °C 

(3.0 X 0.65 inches) - 12 120 ns 

-15 150 ns 
- 20 200 ns 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MOS TM4164FL8 

LSI 65,536 BY 8-BIT DYNAMIC RAM MODULE 

NOVEMBER 1983 


• 65,536 X 8 Organization 
O Single 4-5-V Supply (10% Tolerance) 

® 30-Pin Single-In-Line Package (SIP) 

O Utilizes Eight 64K Dynamic RAMs in Plastic 
Chip Carrier 

o Long Refresh Period ... 4 ms (256 cycles) 

® All Inputs, Outputs, Clocks Fully TTL 
Compatible 

O 3-State Outputs 
o Performance of Unmounted RAMs: 



ACCESS 

ACCESS 

READ 

READ, 


TIME 

TIME 

OR 

MODIFY, 


ROW 

COLUMN 

WRITE 

WRITE 


ADDRESS 

ADDRESS 

CYCLE 

CYCLE 


(MAX) 

(MAX) 

(MIN) 

(MIN) 

TMS4164-12 

120 ns 

75 ns 

230 ns 

260 ns 

TMS4164-15 

150 ns 

100 ns 

260 ns 

285 ns 

TMS4164-20 

200 ns 

135 ns 

330 ns 

345 ns 


o Common CAS Control with Common Data- 
In and Data-Out Lines 


O Low Power Dissipation: 

OPERATING STANDBY 

(TYP) (TYP) 

TM4164FL8-12 1600 mW 140 mW 

TM4164FL8-15 1400 mW 140 mW 

TM4164FL8-20 1080 mW 140 mW 

o Operating Free-Air Temperature . . . 0°C to 
70 °C 


30-PIN 

SINGLE-IN-LINE PACKAGE 
(TOP VIEW) 


VPD (1) 
CAS (2) 
DQ1 (3) 
AO (4) 
A1 (5) 
DQ2 (6) 
A2 (7) 
A3 (8) 

Vss (9> 

DQ3 (10) 
A4 (11) 
A5 (12) 
DQ4 (13) 
A6 (14) 
A7 (15) 
DQ5 (16) 
NC (17) 
NC (18) 
NC (19) 
DQ6 (20) 
W (21) 

Vss *22) 

DQ7 (23) 
NC (24) 
DQ8 (25) 
NC (26) 
RAS (27) 
NC (28) 
NC (29) 
VpD *20) 



description 

The TIV14164FL8 series is a 512K, dynamic random- 
access memory module organized as 65,536 x 8 bits 
in a 30-pin single-in-line package comprising eight 
TMS4164FPL, 65,536x1 bit dynamic RAMs in 
18-lead plastic chip carriers mounted on top of a 
substrate together with eight 0.2 fif decoupling 
capacitors. Each TMS41 64FPL is described in the data 
sheet and is fully electrically tested and processed ac¬ 
cording to Tl's MIL-STD-883B (as ammended for com¬ 
mercial applications) flows prior to assembly. After 
assembly onto the SIP, a further set of electrical tests 
is performed. The TM4164FL8 is rated for operation 
from 0°C to 70°C. 


PIN NOMENCLATURE 


A0-A7 

Address Inputs 

CAS 

Column Address Strobe 

DQ1-DQ8 

Data In/Data Out 

NC 

No Connection 


Row Address Strobe 

VOD 

-hS-V Supply 

Vss 

Ground 

W 

Write Enable 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 
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Dynamic RAM Modules 


TM4164FL8 

65,536 BY 8-BIT DYNAMIC RAM MODULE 


operation 

The TM4164FL8 series operates as eight TMS4164s connected as shown in the functional block diagram. Refer to 
the TMS4164 data sheet for details of its operation. 

specifications 

For TMS4164 electrical specifications, refer to the TMS4164 data sheet, 
singie-in-iine packages 

PC substrate: 0,79 mm (0.031) minimum thickness 
Bypass capacitors: Multilayer ceramic 
Leads: Tin over brass 

MECHANICAL DATA 


30-pin singie-in-iine package 



Tl single-in-iine package nomenciature 


JL X 

C TI \ r MEMORY^ r MODULE^ ^ PACKAGE ^V^ORD WIDTH 
MODULE y V DEVICE J V VERSION J V SPECIFICATION^A ^ OUTPUT 


K )C ) 


(76.2x16,5 mm) 
(3.0 xO.65 inches) 


Max Access L 0°C to 70 °C 
-12 120 ns 
-15 150 ns 
-20 200 ns 


Texas Instruments reserves the right to make changes at any time in order to improve design and to suppiy the best product possible. 
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EPROM Devices 


Tl EPROMS INCORPORATE FAST PROGRAMMING CAPABILITY 


The TMS2764 64K EPROM and TMS27128 128K EPROM (industry standard JEDEC approved pin outs) may 
be programmed with the fast programming algorithm reducing programming time by a factor of 5 to 10X. 

The TMS2516 16K EPROM, TMS2532 32K EPROM, TMS2564 64K EPROM and TMS2732A 32K EPROM 
(JEDEC approved pin out) may be programmed with either the standard 50-millisecond pulse or a fast 
10-millisecond pulse. 

To take advantage of fast programming on Tl EPROMs commercial programmers require the revision shown 
below. 



Tl EPROMs 

PROGRAMMERS 

TMS2516 

TMS2532 

TMS2564 

TMS2732A 

TMS2764 

TMS27128 

DATA I/O 

Model 120A/121 

Revision G/V07* 

Revision D* 

Unipak 

Revision V07* 

Revision V04* 

Unipak 2 

Revision V05* 

Revision V03* 

PROLOG 

M980/M910A Control Unit 

PM9080 Personality Module 

Update PROM UDP4 

No Update PROM is required 

PA28/80B Pin Out Adapter 




Subsequent revisions are also valid 
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ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage due to high static voltages 
or electrostatic fields; however, it is advised that precautions be taken to avoid application of any voltage higher 
than maximum-rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, preferably either supply voltage 
or ground. 

Additional information concerning the handling of ESD sensitive devices is available from Texas Instruments 
in a document entitled ^Guidelines for Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and 
Assemblies." 

Please contact 


Texas Instruments 
P.O. Box 401560 
Dallas, Texas 75240 

to obtain this brochure. 













MOS 

LSI 


TMS2516, SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

DECEMBER 1979 - REVISED AUGUST 1983 


• Organization . . . 2048 X 8 

• Singie +5-V Power Suppiy 


TMS2516 . . . JL PACKAGE 
SMJ2516 . . . J PACKAGE 
(TOP VIEW) 


• Pin Compatibie with Existing ROMs and 
EPROMs (16K, 32K, and 64K) 

• JEDEC Standard Pinout 

• Ail Inputs/Outputs Fully TTL Compatible 

• Static Operation (No Clocks, No Refresh) 

o Max Access/Min Cycle Time: 

'2516-35 350 ns 
'2516-45 450 ns 

• 8-Bit Output for Use in Microprocessor- 
Based Systems , 


A7 

P 

1 

U 24 

3 

Vcc 

A6 

i: 

2 

23 

3 

A8 

A5 

c 

3 

22 

3 

A9 

A4 

c 

4 

21 

3 

Vpp 

A3 

c 

5 

20 

3 

S 

A2 

i: 

6 

19 

3 

A10 

A1 

c 

7 

18 

3 

PD/PGM 

AO 

: 

8 

17 

3 

Q8 

Q1 

c 

9 

16 

3 

Q7 

Q2 

c 

10 

15 

3 

Q6 

Q3 

i: 

11 

14 

3 

Q5 

vss 

c 

12 

13 

3 

Q4 


• N-Channel Silicon-Gate Technology 

A 3-State Output Buffers 

o Low Power Dissipation: 

Active . . . 285 mW Typical 
Standby ... 100 mW Typical 

O Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Available in Full Military Temperature Range 
Version (SMJ2516) 

description 

The '2516 series are 16,384-bit, ultraviolet-light 
erasable, electrically-programmable read-only 
memories. These devices are fabricated using 
N-channel silicon-gate technology for high speed and 
simple interface with MOS and bipolar circuits. All in¬ 
puts (including program data inputs) can be driven by 
Series 54/74 TTL circuits without the use of external 
pull-up resistors, and each output can drive one Series 
54/74 TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple devices 
to a common bus. The '2516 is plug-in compatible 
with the '4016 16K static RAM. 


SMJ2516 . . . FG PACKAGE 
(TOP VIEW) 


o 

r-- O O O CJ O O 

< Z Z 2 > 2 2 


4 3 2 1 32 3130 


A6 

35 

A 

29 [ 

A5 

36 


28 [ 

A4 

]7 


27[ 

A3 

:8 


26 [ 

A2 
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25C 

A1 

]10 


24 [ 

AO 



23[ 

NC 

]12 


22 [ 

Q1 

]13 


21[ 


14151617181920 
r-ir-ii—ir-nnr-ir-i 


A8 

A9 

NC 

Vpp 

S 

A10 

PD/PGM 

Q8 

Q7 



PIN NOMENCLATURE 

A(N) 

Address Inputs 

NC 

No Internal Connection 

PD/PGM 

Power Down/Program 

Q(N) 

Data Outputs 

S 

Chip Select 

Vcc 

+ 5-V Power Supply 

Vpp 

-1-25-V Power Supply 

Vss 

0-V Ground 
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EPROM Devices 


TMS2516, SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


The TMS2516s are offered in a dual-in-line cerpak package (JL suffix), rated for operation form 0°C to 70 °C. The 
SMJ' devices are offered in a 24-pin dual-in-line ceramic package (J) and in a 32-pad leadless ceramic chip carrier 
(FG). The J package is designed for insertion in mounting-hole rows on 600-mil (15,2 mm) centers, whereas the FG 
package is intended for surface mounting on solder pads on 0.050-inch (1,27 mm) centers. The FG package offers 
a three layer rectangular chip carrier with dimensions 0.450x0.550 x 0.100 (11,42 x 13,97 x2,54). 

Since these EPROMs operate from a single -t-5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other (-1-25 V) supply is needed for programming but all programming signals are TTL level, requiring 
a single 10-ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations 
may be programmed singly, in blocks, or at random. Total programming time for all bits is 20 seconds. 


operation 


FUNCTION 

(PINS) 

MODE 

Read 

Output 

Disable 

Power Down 

Start 

Programming 

Inhibit 

Programming 

Program 

Verification 

PD/PGM 

(18) 

V|L 

Don't 

Care 

V|H 

Pulsed V|L 
to V|H 

V|L 

V|L 

S 

(20) 

V|L 

V|H 

Don't 

Care 

V|H 

V|H 

V|L 

Vpp 

(21) 

-f5 V 

-F5 V 

-F5 V 

-f 25 V 

-F25 V 

-F25 V 

(or -F5 V) 

vcc 

(24) 

-f5 V 

-f5 V 

-f5 V 

-F5 V 

+ 5 V 

-F5 V 

Q 

(9 to 11, 

13 to 17) 

Q 

Hl-Z 

Hl-Z 

D 

Hl-Z 

Q 


read/output disable 

When the outputs of two or more '2516s are connected to the same bus„the output of any particular device in the 
circuit can be read with no interference from the competing outputs of the other devices. The device whose output 
is to be read should have a low-level TTL signal applied to the S and PD/PGM pins. All other devices in the circuit 
should have their outputs disabled by applying high-level signals to these same pins. PD/PGM can be left low, but 
it may be advantageous to power down the device during output disable. Output data is accessed at pins Q1 through 
Q8. On the '2516-45, data can be accessed in 450 ns and access time from S is 150 ns. On the '2516-35, data 
can be accessed in 350 ns and access time from S is 120 ns. These access times assume that the addresses are stable. 

power down 

Active power dissipation can be cut by 64% by-applying a high TTL signal to the PD/PGM pins, in this mode all out¬ 
puts are in a high-impedance state. 

erasure 

Before programming, the '2516 is erased by exposing the chip through the transparent lid to high-intensity ultraviolet 
light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure dose (UV intensity 
times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12-milliwatt per-square-centimeter, 
filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located about 2.5 centimeters 
(1 inch) above the chip during erasure. After erasure, all bits are in the "1 ” state (assuming a high-level output cor¬ 
responds to logic "1"). It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the '2516, the window should be covered with an opaque lid. 

start programming 

After erasure (all bits in logic "1” state), logic "O's" are programmed into the desired locations. A "0" can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V and S is at V||-|. Data is presented 
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TMS2516, SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


in parallel (8 bits) on pins Q1 through Q8. Once addresses and data are stable, a 10-millisecond TTL high-level pulse 
should be applied to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. 
Locations can be programmed in any order. Several '2516s can be programmed simultaneously when the devices 
are connected in parallel. 

inhibit programming 

When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
'2516s not intended to be programmed (i.e., inhibited) should have a low level applied to the PD/PGM pin and a high- 
level applied to the S pin. 

program verification 

A verification is done to see if the device was programmed correctly. A verification can be done at any time. It can 
be done on each location immediately after that location is programmed. To do a verification, Vpp may be kept at 
-1-25 V. 


logic symbol^ 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

PD/PGM 


( 8 ) 

(7) 

( 6 ) 

(5) 

(4) 

(3) 

( 2 ) 

( 1 ) 

(23) 

( 22 ) 

(19) 

(18) 


-( 20 ) 


EPROIVI 2048x8 

o1 


>A 


0 

2047 


lOj 

IPWR OWN] 


Eiyi 


AV 

AV 

AV 

AV 

AV 

AV 

AV 

AV 


( 9 ) 

( 10 ) 

( 11 ) 

(13) 

(14) 

(15) 

(16) 
(17) 


Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 



^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions in IEEE and lEC. See explanation on page 10-1. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vcc (see Note 1) . -0.3 V to 7 V 

Supply voltage, Vpp (see Note 1) .. -0.3 V to 28 V 

All input voltages (see Note 1) . -0.3 V to 7 V 

Output voltage (operating, with respect to Vss) . -0.3 V to 7 V 

Operating free-air temperature range; TMS' . 0°C to 70°C 

Operating case temperature range; SMJ' . -55°C to 125°C 

Storage temperature range . -65°C to 150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE: 1. Under absoltjte maximum ratings, voltage values are with respect to the most negative supply voltage, V 33 (substrate). 
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EPROM Devices 


TMS2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

TMS2516-35 

TMS2516-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, (see Note 2) 

4.75 5 5.25 

4.75 5 5.25 

V 

Supply voltage, Vpp (see Note 3) 

Vcc 

vcc 

mm 

Supply voltage, Vgs 

0 

0 

V 

High-level input voltage, V||-| 

2 Vcc +1 

2 Vcc +1 

V 

Low-level input voltage, V|l 

- 0.1 0.8 

- 0.1 0.8 

V 

Read cycle time, tc(rd) 

350 

450 


Operating free-air temperature, Ta 

o 

o 

0 70 

°c 


NOTES: 2. must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 

or removed from the board when Vpp or Vqq Is applied. 

3. Vpp can be connected to Vqc directly (except in the program mode). ^CC supply current in this case would be *PP* During programming, 

Vpp must be maintained at 25 V (±1 V). 

electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

TMS2516 

UNIT 

MIN TYP^ 

MAX 

VOH 

High-level output voltage 

Iqh “ “400 /iA 

2.4 

V 

VOL 

Low-level output voltage 

Iql = 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 

V| = 0 V to 5.25 V 

±10 


'o 

Output current (leakage) 

Vo = 0.4 V to 5.25 V 

±10 


IPPI 

Vpp supply current 

Vpp = 5.25 V, PD/PGM = Vg. 

6 

^ESEH 

Ipp2 

Vpp supply current 
(during program pulse) 

PD/PGM = V|H 

30 

mA 

'cci 

Vcc supply current 
(standby) 

PD/PGM = V|H 

20 

30 

mA 

>CC2 

Vcc supply current 
(active) 

S = PD/PGM = V|L 

57 

100 

mA 


^ Typical values are at T/^ = 25°C and nominal voltages. 


capacitance over recommended supply voltage and operating free-air temperature ranges, f = 1 MHzt 


PARAMETER 

TEST CONDITIONS 

1 TMS2516 1 

UNIT 

TYP^ 

MAX 

'EH 

Input capacitance 

V| = 0 V, f = 1 MHz 

4 

6 

pF 

1 Cq 


Vo = 0 V. f = 1 MHz 

8 

12 

PF 


t Capacitance measurements are made on a sample basis only. 
* Typical values are T/\ = 25 °C and nominal voltages. 
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TMS2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

TEST CONDITIONS 

(SEE NOTES 4 AND 5) 

TMS2516-35 

TMS2516-45 

UNIT 

MIN TYPI MAX 

MIN TYPI MAX 

^a(A) Access time from address 

Cl = 100 pF, 

1 Series 74 TTL load, 
tr<20 ns, 
tf<20 ns 

250 350 

280 450 

ns 

t 3 (S) Access time from chip select 

120 

150 

ns 

^a(PR) Access time from PD/PGM 

250 350 

280 450 

ns 

Output data valid after 

tv(A) 

address change 

0 

0 

ns 

Output disable time from chip 

^dis( S) + 

select during read only^ 

0 100 

0 100 

ns 

Output disable time from chip 
tdis(S) select during program 

and program verify^ 

120 

120 

ns 

Output disable time 
tdis(PR) PD/PGM t 

0 100 

100 

ns 


^ All typical values are at T/^ *= 25°C and nominal voltages. 

^ Value calculated from 0.5 volt delta to measured output level. 


recommended timing requirements for programming Ta = 25 (see Note 4) 


PARAMETER 

TMS2516 

UNIT 

MIN TYPi MAX 

1 tw(PR) 

Pulse duration, program pulse 

1 9 

55 



Rise time, program pulse 

5 

MM 


Fall time, program pulse 

5 

IHH 


Address setup time 

2 

liS 

1 1su(S) 

Chip-select setup time 

2 

US 


Data setup time 

2 

/4S 

1 Isu(VPP) 

Setup time from Vpp 

0 

ns 


Address hold time 

2 

/iS 

this) 

Chip-select hold time 

2 

IIS 

1h(D) 

Data hold time 

2 

US 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2 V, outputs 0.65 V and 2.2 V. ^ 

5. Common test conditions apply for t^jis except during programming. For ta(A)' ^a(S)’ ^dis’ PD/PGM = S = V||_. 
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EPROM Devices 


SMJ2516 

16,384 BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

SMJ2516-35 

SMJ2516-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc (see Note 2) 

4.5 5 5.5 

4.5 5 5.5 

V 

Supply voltage, Vpp (see Note 3) 

Vcc 

Vcc 

V 

Supply voltage, Vgs 

0 

0 

V 

High-level input voltage, V|h 

2 Vcc+1 

2 Vcc+1 

V 

Low-level input voltage, V|l 

-0.1 0.8 

-0.1 0.8 

V 

Read cycle time, tc(rd) 

350 

450 

ns 

Operating case temperature, Tq 

-55 125 

-55 125 

°c 


NOTES: 2. Vqq must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 

or removed from the board when Vpp or V^c is applied. 

3. Vpp can be connected to Vqc directly (except in the program mode). Vqq supply current in this case would be Iqq + Ipp. During programming, 
Vpp must be maintained at 25 V (± 1 V). 

eiectricai characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

SMJ2516 

UNIT 

MIN TYPi 

MAX 

VOH 

High-level output voltage 

(oh = -400 /lA 

2.4 

V 

VOL 

Low-level output voltage 

lOL = 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 

V| = 0 V to 5.5 V 

±10 

aA 

(o 

Output current (leakage) 

Vo = 0.4 V to 5.5 V 

±10 

aA 

IPPI 

Vpp supply current 

Vpp = 5.25 V, PD/PGM = V|l 

6 

mA 

Ipp2 

Vpp supply current 
(during program pulse) 

PO/PGM = V|H 

30 

mA 

icci 

Vcc supply current 
(standby) 

PD/PGM = V|H 

20 

30 

mA 

(CC2 

Vcc supply current 
(active) 

S = PD/PGM = V|L 

57 

100 

mA 


^ Typical values are at T(; = 25'’C and nominal voltages. 


capacitance over recommended supply voltage and operating case temperature ranges, f = 1 MHz^ 


PARAMETER 

TEST CONDITIONS 

SMJ2516 

UNIT 

TYP^ 

MAX 

Ci 

Input capacitance 

V| = 0 V, f = 1 MHz 

4 

6 

PF 

Cq 

Output capacitance 

Vo = 0 V, f = 1 MHz 

8 

12 

PF 


r Capacitance measurements are made on a sample basis only. 
* Typical values are at Tc = 25 °C and nominal voltages. 
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SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

TEST CONDITIONS 

(SEE NOTES 4 AND 5) 

SMJ2516-35 

SMJ2516-45 

UNIT 

MIN TYP* MAX 

MIN TYP* MAX 

ta(A) Access time from address 

Ci. = 100 pF, 

1 Series 54 TTL load, 
tr<20 ns, 
tf<20 ns 

250 350 

280 450 

ns 

ta(S) Access time from chip select 

120 

150 

ns 

^a(PR) Access time from PD/PGM 

250 350 

280 450 

ns 

Output data valid after 

tv(A) 

address change 

0 

0 

ns 

Output disable time from chip 
select during read only* 

0 100 

0 100 

ns 

Output disable time from chip 
*dis(S) select during program 

and program verify* 

120 

120 

ns 

Output disable time 
*dis(PR) PD/PGM* 

0 100 

100 

ns 


^ All typical values are at Tq = 25°C and nominal voltages. 
* Value calculated from 0.5 volt delta to measured output 


recommended timing requirements for programming Tq = 25 °C (see Note 4) 


PARAMETER 

SMJ2516 

UNIT 

MIN TYP 

* MAX 

tw(PR) 

Pulse duration, program pulse 

9 

55 

ms 

tr(PR) 

Rise time, program pulse 

5 

ns 

*f(PR) 

Fall time, program pulse 

5 

ns 

tsu(A) 

Address setup time 

2 

ns 

1su(S) 

Chip-select setup time 

2 

ns 

*su(D) 

Data setup time 

2 

ns 

tsu(VPP) 

Setup time from Vpp 

0 

ns 

*h(A) 

Address hold time 

2 

ns 

*h(S) 

Chip-select hold time 

2 

ns 

*h(D) 

Data hold time 

^ _ 

ns 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2 V, outputs 0.65 V and 2.2 V. _ 

5. Common test conditions apply for t^js except during programming. For ta(A)» ^afS)' ^dis' PD/PGM = S = Vn_. 
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EPROM Devices 


TMS2516, SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 


V = 2.09 V 


read cycle timing 


ADDRESSES 


PD/PGM 


Standby mode 


ADDRESSES 


PD/PGM 


Q1-Q8 


V|H 

V|L 

VlH 

V|L 

VqH 

Vql 



OUTPUT 
UNDER TEST 


FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 



ADDRESS N 


X 


/—\i 

/1 STANDBY \| 


*dis(PR)-|«-^ 


tdisIS) 


ADDRESS N + m 


ACTIVE 


■ta(PR)' 




NOTE; S must be in low state during Active Mode, "Don't Care" otherwise. 
^ ta(PR) referenced to PD/PGM or the address, whichever occurs last. 
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TMS2516, SMJ2516 

16,384-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


program cycle timing 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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TMS2532, SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

DECEMBER 1979 - REVISED SEPTEMBER 1983 


I * Organization . . . 4096 X 8 
• Singie +5-V Power Supply 

• Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 

• JEDEC Standard Pinout 
• All Inputs/Outputs Fully TTL Compatible 
• Static Operation (No Clocks, No Refresh) 

• Max Access/Min Cycle Time: 

'2532-30 300 ns 

'2532-35 350 ns 

'2532-45 450 ns 

• 8-Bit Output for Use in Microprocessor- 
Based Systems 

• N-Channel Silicon-Gate Technology 
• 3-State Output Buffers 
• Low Power Dissipation: 

- Active . . . 400 mW Typical 
- Standby ... 100 mW Standby 

• Guaranteed DC Noise Immunity with 
Standard TTL Loads 

• No Pull-Up Resistors Required 

• Available in Full Military Temperature Range 
Version (SMJ2532) 

description 

The '2532 series are 32,768-bit, ultraviolet-light- 
erasable, electrically-programmable read-only 
memories. These devices are fabricated using N- 
channel silicon-gate technology for high speed and 
simple interface with MOS and bipolar circuits. All in¬ 
puts (including program data inputs) can be driven by 
Series 54/74 TTL circuits without the use of external 
pull-up resistors, and each output can drive one Series 
54/74 TTL circuit without external resistors. The data 
outputs are three-state for connecting multiple devices 
to a common bus. The TMS2532 series are plug-in 
compatible with the TMS4732 32K ROM. 


TMS2532 . . . JL PACKAGE 

SMJ2532 . . . J PACKAGE 

(TOP VIEW) 

A7 

c 

1 ' 

U 24 

3 vcc 

A6 

□ 

2 

23 

3 A8 

A5 

c 

3 

22 

I] A9 

A4 

c 

4 

21 

3 Vpp 

A3 

i: 

5 

20 

3 pd/PGM 

A2 

c 

6 

19 

D A10 

A1 

i: 

7 

18 

3 All 

AO 

c 

8 

17 

3 Q8 

Q1 

c 

9 

16 

11 Q7 

Q2 

c 

10 

15 

DQ6 

Q3 

c 

11 

14 

Dos 

Vss 

c 

12 

13 

I] 04 

SMJ2532 . . . FE PACKAGE 

(TOP VIEW) 

o 

(D P' O O O O 00 
< < Z Z > 2 < 



PD/PGM 

NIC 

NC 

AlO 

All 

Q8 

Q7 



PIN NOMENCLATURE 

A(N) 

Address Inputs 

NC 

No Internal Connection 

PD/PGM 

Power Down/Program 

Q(N) 

Data Outputs 

VCC 

-f 5-V Power Supply 

Vpp 

-1-25-V Supply 

vss 

0-V Ground 


The TMS2532's are offered in a dual-in-line ceramic package (JL suffix), rated for operation from 0°C to 70 °C. The 
SMJ' devices are offered in a 24-pin dual-in-line ceramic package (J) and in a 32-pad leadless ceramic chip carrier 
(FE). The J package is designed for insertion in mounting-hole rows on 600-mil (15,2 mm) centers, whereas the FE 
package is intended for surface mounting on solder pads on 0.050-inch (1,27 mm) centers. The FE package offers 
a three-layer rectangular chip carrier with dimensions 0.450x0.550x0.100 (11,43x13,97x2,54 mm). 
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EPROM Devices 


TMS2532, SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


Since these EPROMs operate from a single + 5 V supply (in the read mode), they are ideal for use in microprocessor 
systems. One other ( + 25 V) supply is needed for programming but all programming signals are TTL level, requiring 
a single 10 ms pulse. For programming outside of the system, existing EPROM programmers can be used. Locations 
may be programmed singly, in blocks, or at random. Total programming time for all bits is 41 seconds. 


operation 


FUNCTION 

(PINS) 



MODE 


Read 

Output 

Disable 

Power Down 

Start 

Programming 

Inhibit 

Programming 

PD/PGM 

(20) 

V|L 

V|H 

V|H 

Pulsed V|H 
to V|L 

V|H 

Vpp 

(21) 

+5 V 

+5 V 

+5 V 

-t25 V 

-t25 V 

Vcc 

(24) 

+5 V 

+5 V 

+5 V ' 

-rS V 

■t5 V 

Q 

(9 to 11, 

13 to 17) 

Q 

Hl-Z 

Hl-Z 

D 

Hl-Z 


read/out disable 

When the outputs of two or more '2532s are connected on the same bus, the output of any particular device in the 
circuit can be read with no interference from the competing outputs of the other devices. The device whose output 
is to be read should have a low-level TTL signal applied to the PD/PGM pin. All other devices in the circuit should 
have their outputs disabled by applying a high-level signal to this pin. Output data is accessed at pins Q1 through Q8. 


6 


Active power dissipation can be cut by over 70% by applying a high TTL signal to the PD/PGM pin. In this mode 
all outputs are in a high-impedance state. 

erasure 

Before programming, the '2532 is erased by exposing the chip through the transparent lid to high-intensity ultraviolet 
light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure dose (UV intensity 
times exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centimeter 
filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp should be located about 2.5 centimeters 
(1 inch) above the chip during erasure. After erasure, all bits are in the "1" state (assuming high-level output cor¬ 
responds to logic "1"). It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore when using the '2532, the window should be covered with an opaque label. 

start programming 

After erasure (all bits in logic "1" state), logic "O's" are programmed into the desired locations. A "0" can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) 
on pin s 01 through Q8. Once addresses and data are stable, a 10-millisecond TTL low-level pulse should be applied 
to the PGM pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can 
be programmed in any order. Several '2532s can be programmed simultaneously when the devices are connected 
in parallel. 

inhibit programming 

When two or more devices are connected in parallel, data can be programmed into all devices or only chosen devices. 
Any '2532s not intended to be programmed should have a high level applied to PD/PGM. 
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TMS2532, SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


program verification 

The '2532 program verification is simply the read operation, which can be performed as soon as Vpp returns to + 5 V 
ending the program cycle. 

logic symbol'!’ 


AO 

A1 


A2 

A3 


A4 

A5 


A6 

A7 


A8 

A9 


A10 

All 


( 8 ) 

(7) 

( 6 ) 

(5) 

(4) 

(3) 

( 2 ) 

( 1 ) 

(23) 

( 22 ) 

(19) 

(18) 


PD/PGM 


lEPROM 4096 X 8 

o' 


AV 

Av' 

AV 

AV 

AV 

AV 

AV 




4095 


hij 

[PWR DWN] 
EN 


(9) 

( 10 ) 


( 11 ) 

(13) 


(14) 

(15) 


(16) 

(17) 


Q1 

Q2 


Q3 

Q4 


Q5 

Q6 


Q7 

Q8 
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^ This symbol is in accordance with iEEE Std 91/ANSl Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vcc (see Note 1) . —0.3 V to 7 V 

Supply voltage, Vpp (see Note 1) ... -0.3 V to 28 V 

All input voltages (see Note 1) . —0.3 V to 7 V 

Output voltage (operating, with respect to Vss) . -0.3 V to 7 V 

Operating free-air temperature range: TMS2532 . 0°C to 70°C 

Operating case temperature range: SMJ2532 . -55°Cto125°C 

Storage temperature range . -65°C to 150°C 


* Stresses beyond those iisted under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not impiied. Exposure to absoiute-maximum-rated conditions for extended periods may affect device reiiabiiity. 

NOTE 1: Under absoiute maximum ratings, voitage vaiues are with respect to the most negative suppiy voitage, Vss (substrate). 
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EPROM Devices 


TMS2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

TMS2532-30 

TMS2532-35 

TMS2532-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcq (see Note 2) 

4.75 5 5.25 

4.75 5 5.25 

4.75 5 5.25 

HH 

Supply voltage, Vpp (see Note 3) 

vcc 

vcc 

Vcc 

1^1 

Supply voltage, Vss 

0 

0 

0 

HH 

High-level input voltage, V|h 

2 Vcc + 1 

2 Vcc+1 

2 Vqc+I 

H3I 

Low-level input voltage, Vn_ 

-0.1 0.8 

-0.1 0.8 

-0.1 0.8 

— 

Read cycle time, tc(rd) 

300 

350 

450 

U9III 

Operating free-air temperature, T/^ 

0 70 

0 70 

0 70 



NOTES: 2. Vqq must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 

or removed from the board when Vpp is applied. 

3. Vpp can be connected to Vqq directly (except in the program mode). Vqq supply current in this case would bo Iqq + Ipp. During programming, 
Vpp must be maintained at 25 V (± 1 V). 

electrical characteristics over full ranges of recommended operating conditions 



PARAMETER 


TEST CONDITIONS 

TMS2532 

UNIT 



MIN 

TYP^ MAX 

VqH 

High-level output voltage 


lOH = -400 iiA 

2.4 

V 

VoL 

Low-level output voltage 


Iql = 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 


V| = 0 V to 5.25 V 

±10 


lo 

Output current (leakage) 


Vo = 0.4 V to 5.25 V 

±10 


Ippl 

Vpp supply current 



12 


Ipp2 

Vpp supply current (during program pulse) 

PD/PGM = V|L 

30 


'cci 

Vcc supply current (standby) 


PD/RGM = V|H 

20 30 


ICC2 

Vqq supply current (active) 


PD/PGM = V|L 

80 160 

mA 

capacitance over recommended voltage and operating free-air temperature ranges. 

f = 

1 MHzt 


PARAMETER 


TEST CONDITIONS 


TMS2532 

UNIT 



TYP^ MAX 

Ci 

Input capacitance 

V| = 0 V, f = 1 MHz 

4 6 

PF 

Co 

Output capacitance 

Vq = 0 V, f = 1 MHz 

8 12 

pF 


^ Capacitance measurements are made on a sample basis only. 
^Typical values are T;^ = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

TEST 

CONDITIONS 

(See Notes 4 & 5) 

TMS2532-30 

TMS2532-35 

TMS2532-45 

UNIT 

MIN TYP^ MAX 

MIN TYP^ MAX 

MIN TYP^ MAX 

Access time 

from address 

Cl = 100 pF, 

1 Series 74 

TTL load, 
t, <20 ns, 
tf <20 ns. 

See Figure 1. 

300 

350 

280 450 

ns 

Access time 
from PD/P^ 

300 

350 

280 450 

ns 

Output data valid 

tv(A) 

after address change 

0 

0 

0 

ns 

Output disable time 
from PD/PGM ^ 

100 

100 

100 

ns 


^ All typical values are at T/^ = 25°C and nominal voltages. 

^ Value calculated from 0.5 volt delta to measured output level. 
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TMS2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended timing requirements for programming Ta = 25 (see Note 4) 


PARAMETER 

TMS2532 

UNIT 

MIN TYP^ MAX 

tw(PR) 

Pulse duration, program pulse 

9 

55 

ms 

tr(PR) 

Rise time, program pulse 

5 

ns 

'f(PR) 

Fall time, program pulse 

5 

ns 

tsu(A) 

Address setup time 

2 

/IS 

tsu(D) 

Data setup time 

2 

/iS 

<su(VPP) 

Setup time from Vpp 

0 

ns 

th(A) 

Address hold time 

2 

/is 

th(D) 

Data hold time 

2 

liS 

^h(PR) 

Program pulse hold time 

0 

ns 

th(VPP) 

Vpp hold time 

2 

fiS 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2 V, outputs 0.65 V and 2.2 V. 

5. Common test conditions apply for tjjjg except during programming. For tgfA) ^dis' PD/PGM = Vn_. 
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EPROM Devices 


SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

SMJ2532-35 

SMJ2532-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, ^CC (sse Note 2) 

4.5 5 5.5 

4.5 5 5.5 

V 

Supply voltage, Vpp (see Note 3) 

vec 

Vec 

V 

Supply voltage, Vgs 

0 

0 

V 

High-level input voltage, V|h 

2 Vcc-Fl 

2 Vcc-Fl 

V 

Low-level input voltage, V|i_ 

-0.1 0.8 

-0.1 0.8 

V 

Reard cycle time, tcird) 

350 

450 

ns 

Operating case temperature, Tc 

-55 125 

-55 125 

°c 


NOTES: 2. ^ust be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted Into 

or removed from the board when Vpp is applied. 

3. Vpp can be connected to Vqq directly (except in the program mode). Vqq supply current in this case would be Ice + *PP- During programming, 
Vpp must be maintained at 25 V (± 1 V). 

electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

SMJ2532 

UNIT 

MIN TYP1^ 

MAX 

VOH 

High-level output voltage 

lOH = —400 fiA 

2.4 

V 

Vql 

Low-level output voltage 

lOL — 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 

V| = 0 V to 5.5 V 

±10 

aA 

'o 

Output current (leakage) 

Vo = 0.4 V to 5.5 V 

+ 10 

fiA 

Ippi 

Vpp supply current 

Vpp = 5.5 V, PD/PGM = V|L 

12 

mA 

Ipp2 

Vpp supply current (during program pulse) 

PD/P^ = V|L 

30 

mA 

'cci 

Vec supply current (standby) 

PD/PGM = V|H 

20 

30 

mA 

ICC2 

Vcc supply current (active) 

PD/PGM" = V|L 

80 

160 

mA 


capacitance over recommended voltage and operating case temperature ranges, f = 1 MHzt- 


PARAMETER 

TEST CONDITIONS 

SMJ2532 

UNIT 

TYPt 

MAX 

Ci 

Input capacitance | 

V| = 0 V, f = 1 MHz 

4 

6 

PF 

Cq 

Output capacitance 

Vo = 0 V, f = 1 MHz 

8 

12 

PF 


t Capacitance measurements are made on a sample basis only. 
^ Typical values are at T(;; = 25°C and nominal voltages. 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

TEST CONDITIONS 

(See Notes 4 & 5) 

SMJ2532-35 

SMJ2532-45 

UNIT 

MIN TYP1^ MAX 

MIN TYpt MAX 

ta(A) Access time from address 

Cl = 100 pF, 

1 Series 54 

TTL Load 

t, <20 ns, 
tf <20 ns. 

See Figure 1. 

350 

280 450 

ns 

'a(PR) Access time from PD/PGM 

350 

280 450 

ns 

tv(A) Output data valid after address change 

0 

0 

ns 

tjis Output disable time from PD/PGM * 

100 

100 

ns 


^ All typical values are Tq = 25 “C and nominal voltages. 

* Value calculated from 0.5 volt delta to measured output level. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2 V, outputs 0.65 V and 2.2 V. _ 

5. Common test conditions apply for tjjjj except during programming. For ta(A) and tjjjj, PD/PGM = V|l. 
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SMJ2532 

32.768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended timing requirements for programming Tc = 25 °C (see Note 4) 


PARAMETER 

SMJ2532 

UNIT 

MIN TYP^ MAX 

tw(PR) 

Pulse duration, program pulse 

9 

55 

ms 

tr(PR) 

Rise time, program pulse 

5 

ns 

tf(PR) 

Fall time, program pulse 

5 

ns 

tsu(A) 

Address setup time 

2 


tsu(D) 

Data setup time 

2 

ps 

tsu(VPP) 

Setup time from Vpp 

0 

ns 

th(A) 

Address hold time 

2 

fiS 

th(D) 


2 

ns 

th(PR) 

Program pulse hold time 

0 

ns 

th(VPP) 

Vpp hold time 

2 

liS 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2 V, outputs 0.65 V and 2.2 V. _ 

5. Common test conditions apply for tjjjg except during programming. For tgjA) 3nd t^js' PD/PGM = V|l. 
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EPROM Devices 


TMS2532, SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 
V = 2.09 V 


OUTPUT 
UNDER TEST 


RL = 780 0 


—Cl = 100 pF 


FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 


1c(rd)' 



NOTE: There Is no chip select pin on the '2532. 

, The chip-select function is incorporated in the power-down mode. 
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TMS2532, SMJ2532 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


standby mode 


V|H 

ADDRESSES 

V|L 

_ V|H 

PD/PGM 

V|L 

VOH 

Q1-Q8 

VOL 


ADDRESS N 



ADDRESS N + m 


I 

STANDBY 
|4- tdis-»j 

VALID 





VALID 


^ *a(PR) referenced to PD/PGM or the address, whichever occurs last. 


program cycle timing 


ADDRESSES 


PD/PGM 


Vpp 


Q1-Q8 


V|H 

V|L 

V|H 

VlL 

+ 25 V 

+ 5 V 

Voh/V|H 

Vol/V|L 


PROGRAM 

VERIFY 


)C 


ADDRESS N 


tsu(A)- 


j4-tw(PR)>( 


mms^ 


-jt*i 


■th(A) 





mmom 


tsu(D) 


tr(PR)->( - 

-j u th(VPP)H^ Lr- 


-th(PR) 

r 


ta(PR) 


DATA IN 


k—'h(D) 


* Program verify equivalent to read mode. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MOS TMS2564, SMJ2564 

LSI 65.536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

MAY 1981 - REVISED SEPTEMBER 1983 


o Organization ... 8192 X 8 
o Single +5-V Power Supply 

o Pin Compatible with Existing ROMs and 
EPROMs (8K, 16K, 32K, and 64K) 

o All Input/Outputs Fully TTL Compatible 
o Static Operation (No Clocks, No Refresh) 
o Max Access/Min Cycle Time: 
TMS2564-35 . . . 350 ns 
TMS2564-45 . . . 450 ns 
SMJ2564-45 . . . 450 ns 

o 8-Bit Output for Use in Microprocessor- 
Based Systems 

O N-Channel Silicon-Gate Technology 


TMS2564 . . . JL OR JDL PACKAGE 
SI\/IJ2564 . . . J PACKAGE 
(TOP VIEW) 

VppL 

1 Lj28 

J Vcc^ 

SIC 

2 

27 

J S2 

A7C 

3 

26 

3 

A6C 

4 

25 

] A8 

A5 C 

5 

24 

3 A9 

A4C 

6 

23 

3 A12 

A3C 

7 

22 

n PD/p^ 

A2C 

8 

21 

3 A10 

AlC 

9 

20 

3 All 

AOC 

10 

19 

3 08 

QIC 

11 

18 

I1Q7 

Q2C 

12 

17 

I] A6 

03 C 

13 

16 

3 Q5 

vssC 

14 

15 

3 04 


o 3-State Output Buffers 


o Guaranteed DC Noise Immunity with 
Standard TTL Loads 


SMJ2564 . . . FE PACKAGE 
(TOP VIEW) 


o No Pull-Up Resistors Required 
o Low Power Dissipation; 

Active . . . 400 mW Typical 
Standby ... 125 mW Typical 

o Available in Full Military Temperature Range 
Version (SMJ2564) 


description 

The '2564 is a 65,536-bit ultraviolet-light-erasable, elec- 
trically-programmable read-only memory. This device is 
fabricated using N-channel silicon-gate technology for high¬ 
speed and simple interface with MOS and bipolar circuits. 
All inputs (including program data inputs) can be driven by 
Series 54/74 TTL circuits without the use of external 
resistors. The data outputs are three-state for connecting 
multiple devices to a common bus. 


A5 ] 5 
A4 ]6 
NC ] 7 
A3 ] 8 
A2 3 9 
A1 3 10 

AO 3 11 
Q1 3 12 

Q2 3 13 


CL O U 

r- Q. U CM O 
< ICO > > ICO > 

n_ji_JiLJLJi_ji_r' 
4 3 2 1 32 31 30 


29[ 
28 [ 
27[ 
26C 
25C 
24 C 
23[ 
22£ 
21C 


15 1617 181920 
n—n—ii-i r-ii-ir-i 


A8 

A9 

A12_ 

PD/PGM 

NC 

A10 

A1 1 

Q8 

Q7 


IConnected internally, Vqq need be 
supplied to only one of these 
two pins. 


The TMS2564 is offered in a dual-in-line ceramic package 
(JL or JDL suffix) rated for operation from 0°C to 70 °C. 
The SMJ2564 is offered in a 28-pin dual-in-line ceramic 
package (J) and a leadless ceramic chip carrier (FE), rated 
for operation from -55°C to 125°C. The J package is 
designed for insertion in mounting-hole rows on 600-mil 
(1 5,2 mm) centers, whereas the FE package is intended for 
surface mounting on solder pads on 0.050-inch (1,27 mm) 
centers. The FE package offers a three-layer rectangular 
chip carrier with dimensions 0.450x0.550x0.100 


PIN NOMENCLATURE 

A(N) 

Address Inputs 

NC 

No Connection 

PD/PGM 

Power Down/Program 

Q(N) 

Input/Output 

S(N) 

Chip Selects 

Vcc 

-1-5-V Power Supply 

Vpp 

-1-25-V Power Supply 

vss 

0-V Ground 


(11,43 X 13,97 x2,54 mm). 
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EPROM Devices 


TMS2564, SMJ2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


Sirice this EPROM operates from a single + 5-V supply (in the read mode), it is ideal for use in microprocessor systems. 
One other supply ( + 25 V) is needed for programming. Programming requires a single TTL-level pulse per location. 
For programming outside of the system, existing EPROM programmers can be used. Locations may be programmed 
singly, in blocks, or at random. 

The '2564 is compatible with other 5-volt ROMs and EPROMs, including those in a 24-pin package. 


operation 


FUNCTION 

(PINS) 

MODE 

Read 

Output Disable 

Power Down 

Start 

Programming 

Inhibit 

Programming 

PD/PGM 

(22) 

V|L 

V|H 

X 

X 

V|H 

Pulsed V||-j 
to V|L 

V|H 

X 

X 

SI 

(2) 

V|L 

X 

V(H 

X 

X 

V|L 

X 

V|H 

X 

S2 

(27) 

V|L 

X 

X 

V|H 

X 

V|L 

X 

X 

V|H 

Vpp 

(1) 

+ 5 V 


+ 5 V 


+ 5 V 

+ 25 V 

+ 25 V 

Vcc^ 

(26/28) 

+ 5 V 

+ 5 V 

+ 5 V 

+ 5 V 

+ 5 V 

Q 

(11 to 13, 

15 to 19) 

Q 

HI-2 

Hl-Z 

D 

Hl-Z 


X = Don't care. 

^Do not use the internal jumper of 26-28 to conduct PC board currents. 
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read/output disable 

When the outputs of two or more '2564's are paralled on the same bus, the output of any particular device in the 
circuit can be read with no interference from the competing outputs of the other devices. To read the output of the 
'2564, the low-level signal is applied to the PD/PGM and S pins. All other devices in the circuit should have their 
outputs disabled by applying a high-level signal to one of these pins. Output data is accessed at pins Q1 to Q8. 

power down 

Active power dissipation can be cut by over 68% by applying a high TTL signal to the PD/PGM pin. In this mode 
all outputs are in a high-impedance state. 

erasure 

Before programming, the '2564 is erased by exposing the chip through the transparent lid to high intensity ultra-violet 
light having a wavelength of 253.7 nm (2537 angstroms). The recommended minimum exposure dose (UV intensity 
X exposure time) is fifteen watt-seconds per square centimeter. A typical 12 milliwatt per square centimeter, filterless 
UV lamp will erase the device in about 21 minutes. The lamp should be located about 2.5 centimeters above the chip 
during erasure. After erasure, all bits are in the high state. It should be noted that normal ambient light contains the 
correct wavelength for erasure. Therefore when using the '2564, the window should be covered with an opaque label. 

start programming 

After erasure (all bits in logic high state), logic "O's" are programmed into the desired locations. A low can be erased 
only by ultraviolet light. The programming mode is achieved when Vpp is 25 V. Data is presented in parallel (8 bits) 
on pins Q1 to Q8. Once addresses and data are stable, a 10-millisecond low TTL pulse should be applied to the PGM 
pin at each address location to be programmed. Maximum pulse width is 55 milliseconds. Locations can be programmed 
in any order. More than one '2564 can be programmed when the devices are connected in parallel. During program¬ 
ming, both chip select signals should be held low unless program inhibit is desired. 
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TMS2564, SMJ2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


inhibit programming 

When two or more '2564's are connected in parallel, data can be programmed into all de vices or on^^y chosen devices. 
'2564's not intended to be programmed should have a high level applied to PD/PGM or SI or S2. 


logic symbol^ 


(10) 

EPROM 8192x8 I 

AO- 

0 


. (0) 



A1- 






J^? 



(7) 


aV 

A3- 



(6) 


AV 

A4- 



(5) 


AV 

A5- 



A6 


0 A V 

(3) 


>'^8191 

A7- 



(25) 


AV 

A8 - 



(24) 


AV 

A9- 



(21) 


AV 

A10 - 



, (20) 



All - 



(23) 



A\2 —— - - 

12 ^ 


_ (22) 


PD/PGIVI - 1 

I- 

[PWR DWNl 


- 

& 





EN 

- (27) 


S2- 





( 11 ) 


( 12 ) 


(13) 


(15) 


(16) 


(17) 


(18) 


(19) 



iThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions in IEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vcc (see note 1) . —0.3 V to 7 V 

Supply voltage, Vpp (see note 1) . —0.3 V to 28 V 

All input voltages (see Note 1) . —0.3 V to 7 V 

Output voltage (operating with respect to Vss) .. -0.3 V to 7 V 

Operating free-air temperature range: TMS2564 . 0°C to 70°C 

Operating case temperature range: SMJ2564 . -55“C to 125°C 

Storage temperature range .. -65°C to 150°C 


1 Stresses beyond those listed under "Absolute maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage, Vss (substrate). 
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EPROM Devices 


TMS2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

TMS2564-35 

TMS2564-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, ^CC 21 

4.75 5 5.25 

4.75 5 5.25 

V 

Supply voltage, Vpp (see Note 3) 

Vcc 

Vcc 

V 

Supply voltage, Vss 

0 

0 

V 

High-level input voltage, V|h 

2.2 Vcc+1 

2.2 Vcc + 1 

V 

Low-level input voltage, V|l 

-0.lt 0.8 

-O.lt 0.8 

V 

Read cycle time, tc(rd) 

350 

450 

ns 

Operating free-air temperature, Ta 

o 

o 

o 

o 

°c 


NOTES: 2. Vqq must be applied before or at'the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 

or removed from the board when Vpp or is applied so that the device Is not damaged. 

3. Vpp can be connected to Vqc directly {except in the program mode). Vqq supply current in this case would be Iqq + Ipp. During programming, 
Vpp must be maintained at 25 V (± 1 V). 

^ The algebraic convention, where the more negative limit is designated as minimum, is used in this data sheet for logic voltage levels and time intervals. 

electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

TMS2564 

UNIT 

MIN TYpt 

MAX 

Vqh 

High-level output voltage 

Iqh = -400 ftA 

2.4 

V 

Vql 

Low-level output voltage 

IqL = 2.1 mA 

0.45 

V 

ll 

Input current (leakage) 

V| = 0 V to 5.25 V 

±10 

aA 

'0 

Output current (leakage) 

Vq =0.4 V to 5.25 V 

±10 

fiA 

Ippi 

Vpp supply current 

Vpp = MAX, PD/P^ = V|L 

18 

mA 

Ipp2 

Vpp supply current (during program pulse) 

PD/p6(vI = V|l 

30 

mA 

icci 

Vcc supply current (standby) 

PD/t^dBM = V|H 

25 

35 

mA 

ICC2 

Vcc supply current (active) 

PD/PGnI = V|L 

80 

160 

mA 


^ Typical values are at = 25 °C and nominal voltages. 


capacitance over recommended voltage and operating free-air temperature ranges, f = 1 MHzt 


PARAMETER 

TEST CONDITIONS 

TMS2564 

UNIT 

TYpt 

MAX 

Ci 

Input capacitance 

V| = 0 V, f = 1 MHz 

4 

6 

PF 

Co 

Output capacitance 

Vq = 0 V, f = 1 MHz 

8 

12 

pF 


^ This parameter is tested on sample basis only. 

* Typical values are T^ = 25°C and nominal voltages. 
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TMS2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

TEST CONDITIONS 

(SEE NOTES 4 AND 5) 

TMS2564-35 

TMS2564-45 

UNIT 

MIN MAX 

MIN MAX 

ta(A) Access time from address 

Cl = 100 pF, 

1 Series 54/74 TTL Load 
tf<20 ns, 
tf<20 ns 

See Figure 1 

350 

450 

ns 

Access time from SI and §2 
(whichever occurs last) 

120 

120 

ns 

*a(PR) Access time from PD/PGM 

350 

450 

ns 

fv(A) Output data valid after address change 

0 

0 

ns 

Output disable time from chip select 
^dis ( S) + 

during read only (whichever occurs last)* 

0 100 

0 . 100 

ns 

tdis(PR) Output disable time from PD/PG(VI during standby^ 

0 100 

0 100 

ns 


^ All typical values are at T/^ = 25 °C and nominal voltages. 

* Value calculated from 0.5 volt delta to measured output level. 

recommended timing requirements for programming Ta = 25 °C (see Note 4) 


PARAMETER 

TMS2564 

UNIT 

MIN TYP^ MAX 

1w(PR) 

Pulse duration, program pulse 

9 


55 

ms 

tr(PR) 

Rise time, program pulse 

5 

ns 

1f(PR) 

Fall time, program pulse 

5 

ns 

1su(A) 

Address setup time 

2 

AS 

tsu(D) 

Data setup time 

2 

US 

tsu(VPP) 

Setup time from Vpp 

0 

ns 

th(A) 

Address hold time 

2 



^lS 

th(D) 

Data hold time 

2 

AS 

1h(PR) 

Program pulse hold time 

0 

ns 

Ih(VPP) 

Vpp hold time 

2 

AS 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2.2 V, outputs 0.65 V and 2.2 V, and Vpp during programming = 25 V ± 1 V. 

5. Common test conditions apply for t^jg except during programming. For ta(A)' ^a(S)' ^diS’ PD/PGM = V|l. 
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EPROM Devices 


SMJ2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

SMJ2564 

UNIT 

MIN NOM MAX 

Supply voltage, Vcc (see Note 2) 

4.5 5 5.5 

V 

Supply voltage, Vpp (see Note 3) 

Vcc 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, Vm 

2.2 Vcc + 1 

V 

Low-level input voltage, V|l 

-0.lt 0.8 

V 

Read cycle time, tc(rd) 

450 

ns 

Operating case temperature, T^ 

-55 125 

“C 


NOTES: 2. Vqq must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 

or removed from the board when Vpp or Vqq Is applied so that the device is not damaged. 

3. Vpp can be connected to Vqc directly (except in the program mode). VcC supply current in this case would be Icc *PP- During programming, 
Vpp must be maintained at 25 V (± 1 V). 

^ The algebraic convention, where the more negative limit Is designated as minimum, is used in this data sheet for logic voltage levels and time Intervals. 

electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

1 SMJ2564 

UNIT 

MIN TYpt 

MAX 

Vqh 

High-level output voltage 

IqH = —400 fiA 

2.4 

V 

Vql 

Low-level output voltage 

Iql = 2.1 mA 

0.45 

V 

ll 

Input current (leakage) 

V| = 0 V to 5.5 V 

, ±10 

/<A 

lo 

Output current (leakage) 

Vo = 0.4 V to 5.5 V 

±10 

mA 

Ippi 

Vpp supply current 

Vpp = MAX, PD/Pf5M = V|L 

18 

mA 

Ipp2 

Vpp supply current (during program pulse) 

PD/PGM = V|L 

30 

mA 

icci 

Vcc supply current (standby) 

PD/>GIV1 = V|H 

25 

40 

mA 

ICC2 

Vcc supply current (active) 

PD/PGM = V|L 

80 

160 

mA 


^ Typical values are at = 25°C and nominal voltages. 


capacitance over recommended voltage and case temperature ranges, f = 1 MHz^ 


PARAMETER 

TEST CONDITIONS 

SMJ2564 

UNIT 

TYPt 

MAX 

Ci 

Input capacitance 

V| = 0 V, f = 1 MHz 

4 

6 

pF 

Co 

Output capacitance 

Vq = 0 V, f = 1 MHz 

8 

12 

PF 


^ This parameter Is tested on sample basis only. 

^ Typical values are Tq = 25°C and nominal voltages. 
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SMJ2564 

65.536-BIT ERASABLE PROGRAMMABLE READ ONLY MEMORIES 


switching characteristics over full ranges of recommended operating conditions (see Note 4) 


PARAMETER 

B9BH 

Access time from address 

ta(S) 

Access time from SI and S2 

(whichever occurs last) 

ta(PR) 

Access time from PD/PGM 

tv(A) 

Output data vaiid after address change 

^dis(S) 

Output disable time from chip seiect 
during read only (whichever occurs iast)^ 




TEST CONDITIONS 
(SEE NOTES 4 AND 5) 


SMJ2564 

UNIT 

MIN MAX 

450 

ns 

150 

ns 

450 

ns 

0 

ns 

0 100 

ns 

0 100 

ns 


Cl = 100 pF, 

1 Series 54/74 TTL Load 
tr<20 ns, 
tf <20 ns 
See Figure 1 


^ All typical values are at Tq = 25°C and nominal voltages. 

* Value calculated from 0.5 volt delta to measured output level. 


recommended timing requirements for programming Tc = 25 °C (see Note 4) 


PARAMETER 

SMJ2564 

UNIT 

MIN TYP^ MAX 

tw(PR) 

Puise duration, program pulse 

9 

55 


tr(PR) 

Rise time, program pulse 

5 

HQH 

1f(PR) 

Fall time, program pulse 

5 

IQH 

tsu(A) 

Address setup time 

2 


tsu(D) 

Data setup time 

2 


tsu(VPP) 

Setup time from Vpp 

0 


th(A) 

Address hold time 

2 

BSH 

th(D) 

Data hold time 

2 


th(PR) 

Program pulse hold time 

0 

ns 

th(VPP) 

Vpp hold time 

2 

AS 


^ Typical values are at nominal voltages. 

NOTES: 4. Timing measurement reference levels: inputs 0.8 V and 2.2 V, outputs 0.65 V and 2.2 V, and V pp du ring programming = 25 V ± IV. 

5. Common test conditions apply for t^js except during programming. For ta(A)» PD/PGM = V||_. 
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EPROM Devices 


TMS2564, SMJ2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 



OUTPUT 
UNDER TEST 

Cl= 100 pF 
FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 



standby mode 


V|H 

ADDRESSES 

V|L 

_ V|H 

PD/PGM . 

V|L 

VOH 

Q1-Q8 

VoL 


ADDRESS N 


_/ 

tdis(PR) "1* 


VALID 



ADDRESS N + m 


STANDBY 



ACTIVE 



^ta(PR) referenced to PD/PGM or the address, whichever occurs last. 
SI and S2 In Don't Care State in Standby Mode. 
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TMS2564, SMJ2564 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


program cycle timing 


VlH 

ADDRESSES 

V|L 

Vqh/Vih 

ai-Q8 

Vol/V|L 

VlH 

S1 & S2 

VlL 


VlH 

PD/PGM 

V|L 


+ 25 V 
Vpp 

+ 5 V 




•Equivalent to read mode. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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TMS2708, TMS27L08, SMJ2708, SMJ27L08 
1024-WORD BY 8-BIT 
ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 

DECEMBER 1979 - REVISED AUGUST 1983 


o 1024 X 8 Organization 

O All Inputs and Outputs Fully TTL 
Compatible 

O Static Operation (No Clocks, No Refresh) 

O Max Access/Min Cycle Time 

'2708-35 350 ns 

'2708-45 450 ns 

'27L08-45 450 ns 

o 3-State Outputs for OR-Ties 
o N-Channel Silicon-Gate Technology 

o 8-Bit Output for Use in Microprocessor- 
Based Systems 


TMS2708 . . . JL PACKAGE 
SMJ2708 . . . J PACKAGE 
(TOP VIEW) 


A7C 

A6 Q 
A5 Q 
A4 Q 
A3 C 

A2C 

AlC 

AO C 

QIC 

Q2 C 
Q3 C 

VSS C 


TTTiT 

2 23 


10 15 


I] Vcc 

^ A8 
U A9 

I] Ybb 

IlS(PE) 

D Vdd 

H PGM 

D Q8 
IIQ7 

H Q6 

U Q5 
D Q4 


o Power Dissipation 

'27L08 580 mW Max Active 

'2708 800 mW Max Active 

o 10% Power Supply Tolerance 

(TMS27L08-45 and all SMJ' versions) 

o Plug-Compatible Pin-Outs Allowing Inter¬ 
changeability/Upgrade to 16K With 
Minimum Board Change 

O Available in Full Military Temperature Range 
Versions (SMJ2708) 

description 

The '2708-35, '2708-45, and '27L08-45 are 
ultraviolet light-erasable, electrically programmable 
read-only memories. They have 8,192 bits organized 
as 1024 words of 8-bit length. The devices are 
fabricated using N-channel silicon-gate technology for 
high speed and simple interface with MOS and bipolar 
circuits. All inputs (including program data inputs) can 
be driven by Series 54/74 TTL circuits without the use 
of external pull-up resistors. Each output can drive one 
Series 54/74 or 54LS/74LS TTL circuit without ex¬ 
ternal resistors. The '27L08 guarantees 200 mV dc 
noise immunity in the high state and 250 mV in the 
low state. The data outputs for the '2708-35, 
'2708-45, and '27L08-45 are three-state for OR-tying 
multiple devices on a common bus. 


SMJ2708 . . . FE PACKAGE 



CO 

< 

(TOP VIEW) 

U 

(J U U U CO 
< 2 2 > 2 < 



y —1 _JUJi_II_II—ji_ 

4 3 2 1 323130 > 


A5 

]5 

29 [ 

A9 

A4 

]6 

28 C 

Vbb 

NC 

37 

27C 

S(PE) 

A3 

38 

26 [ 

NC 

A2 

39 

25[ 

NC 

A1 

3i0 

24 [ 

Vdd 

AO 

3ii 

23C 

PGM 

Q1 

3i2 

22 [ 

Q8 

Q2 

3i3 

21C 

Q7 


■v 14 15 1617181920 > 

X nrinr-Lr-Lnn / 



CO 

u C/D ^ u CD 



o 

Z ^ O z o o 



NC - No Connection 


PIN NOMENCLATURE 

A0-A7 

Address Inputs 


NC 


No Connection 


PGM 


Program 


Q1-Q8 

Data Out 


S(PE) 


Chip Select/Program Enable 

vbb 


-5-V Power Supply 


Vcc 


-1-5-V Power Supply 


Vdd 


-1- 12-V Power Supply 


Vss 


0-V Ground 




4 
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EPROM Devices 


TMS2708, TMS27L08 
SMJ2708, SMJ27L08 

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


These EPROMs are designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. The TMS' Series is supplied in a 24-pin dual-in-line ceramic cerdip (JL suffix) package designed for inser¬ 
tion in mounting-hole rows on 600-mil (15.2 mm) centers. They are designed for operation from 0°C to 70°C. 

The SMJ' Series is offered in a 24-pin dual-in-line ceramic package (J) and also in a 32-pin leadless ceramic chip car¬ 
rier (FE). The J package is designed for insertion in mounting-hole rows on 600-mil (15.2 mm) centers whereas the 
FE package is intended for surface mounting on solder pads on 0.05-inch (1.27 mm) centers. The FE package is a 
three-layer 32-pad rectangular chip carrier with dimensions of 0.450 xO.550 x0.100 inches (11.43 x 13.97 x 2.54 
mm). This series is designed for operation from -55°C to 125°C. 


operation (read mode) 
address (A0-A9) 

The address-valid interval determines the device cycle time. The 10-bit positive-logic address is decoded on-chip to 
select one of the 1024 words of 8-bit length in the memory array. AO is the least-significant bit and A9 is the most- 
significant bit of the word address. 

chip select, program enable [S (PE)] 

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the 
chip select is high, all eight outputs are in a high-impedance state. 

data out (Q1-Q8) 


6 


The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out¬ 
puts will drive TTL circuits without external components. 

program 

The program pin must be held below Vcc in the fead mode. 


operation (program mode) 


erase 

Before programming, the '2708-35, '2708-45, or '27L08-45 is erased by exposing the chip through the transparent 
lid to high-intensity ultraviolet light that has a wavelength of 253.7 nanometers (2537 Angstroms). The recommend¬ 
ed minimum exposure dose (UV intensity x exposure time) is fifteen watt-seconds per square centimeter. Thus, a typical 
12 milliwatt per square centimeter, filterless UV lamp will erase the device in a minimum of 21 minutes. The lamp 
should be located about 2.5 centimeters (1 inch) above the chip during erasure. After erasure, all bits are in the high state. 

programming 

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be 
changed from the erased high state to the low state. A low can be changed to a high only by erasure. Programming 
is normally accomplished on a PROM or EPROM Programmer, an example of which is Tl's Universal PROM Programm¬ 
ing Module in conjunction with the 990 prototyping system. Programming must be done at room temperature (25 °C) 
only. 

to start programming (see program cycle timing diagram) 

First bring the S (PE) pin to -I- 12 V to disable the outputs and convert them to inputs. This pin is held high for the 
duration of the programming sequence. The first word to be programmed is addressed (it is customary to begin with 
the "0" address) and the data to be stored is placed on the Q1-Q8 program inputs. Then a +25 V program pulse 
is applied to the program pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at least 
one microsecond the word address is sequentially changed to the next location, the new data is set up and the pro¬ 
gram pulse is applied. 
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TIVIS2708, TIVIS27L08 
SMJ2708, SIVIJ27L08 

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


Programming continues in this manner until all words have been programmed. This constitutes one of N program loops. 
The entire sequence is then repeated N times with N xtv^,(pR) s 100 ms. Thus, if tw(pR) = 1 ms; then N = 100, 
the minimum number of program loops required to program the EPROM. 

to stop programming 

After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enable [S (PE)] 
is brought to V|l which takes the device out of the program mode. The data supplied by the programmer must be 
removed before the address is changed since the program inputs are now data outputs and change of address could 
cause a voltage conflict on the output buffer. Q1-Q8 outputs are invalid up to 10 microseconds after the program 
enable pin is brought from ViH(PE) 1° V|l. 

logic symbol^ 




^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions in IEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vrb (see Note 1).. —0.3 V to 7 V 

Supply voltage, Vcc (see Note 1). -0.3 V to 1 5 V 

Supply voltage, N/qd (see Note 1). -0.3 V to 20 V 

Supply voltage, Vss (®®® Note 1). —0.3 V to 15 V 

All input voltage (except program) (see Note 1). -0.3 V to 20 V 

Program input (see Note 1). -0.3 V to 35 V 

Output voltage (operating, with respect to Vss). -2Vto7V 

Operating free-air temperature range: TMS'. 0°C to 70°C 

Operating case temperature range: SMJ'. . -65°C to 150°C 

Storage temperature range. -55°C to 125°C 


* Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated In the "Recommended Operating Conditions" section of this specification 
Is not Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are with respect to the most-negative supply voltage. Vgg (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to V 55 . 
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EPROM Devices 


TMS2708, TMS27L08 

1024-WORD BY 8 BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

TMS2708-35 

TMS2708-45 

TMS27L08-45 

UNIT 


MIN 

NOM 

MAX 

MIN 

NOM 

MAX 


Supply voltage, Vbb 

-4.75 

-5 

-5.25 

-4.5 

-5 

-5.5 


Supply voltage, Vqq 

4.75 

5 

5.25 

4.5 

5 

5.5 


Supply voltage, Vqd 

11.4 

12 

12.6 

10.8 

12 

13.2 

bm 

Supply voltage Vss 

0 

0 


High-level input voltage, V|(-| 

(except program and program enable) 

2.4 


Vcc+ 1 

2.2 


Vcc + 1 

■ 

High-level program enable input voltage, V|H(PE) 

11.4 

12 

12.6 

10.8 

12 

13.2 


High-level program input voltage, V||-|{PR) 

25 

26 

27 

25 

26 

27 


Lo\w-level input voltage, V|l (except program) 

Vss 


0.65 

Vss 


0.65 


Low-level program input voltage, V|L(pr) 

Note; V|L(pR) max < V|(-|(pR) -25 V 

Vss 1 

Vss 1 


High-level program pulse input current (sink), I|H(PR) 

40 

40 


Low-level program pulse input current (source), l|U(PR) 

3 

3 

■sm 

Operating free-air temperature, 

0 


70 

0 


70 



eiectrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TMS2708-35 

TMS2708-45 

TMS27L08-45 

UNIT 

MIN TYP^ MAX 

MIN TYP^ MAX 

VqH High-level output voltage 

Iqh = -100/iA 

3.7 

3.7 

V 

lOH = -1 

2.4 

2.4 

Vgu Low-level output voltage 

Iql = 1.6 mA 

0.45 

0.40 

mm 

l| Input current (leakage) 

V| = 0 V to 5.25 V 

1 10 

1 10 

■sai 

Iq Output current (leakage) 

S (PE) = 5 V, 

Vo = 0.4 V to 5.25 V 

1 10 

1 10 

pA 

Ibb Supply current from Vbb 

All inputs high, 

S (PE) = 5 V, 

Ta = ”C 
(worst case) 

30 45 

9 18 

mA 

Ice Supply current from Vqc 

6 10 

0.9 6 

mA 

IqD Supply current from Vqq 

50 65 

20 34 

mA 

PD(AV) Power Dissipation 

Ta = 70“C 

800 

350 

mW 

Ta = 0°C, S = 0 V 


245 475 

Ta = o^c, S = -h5 V 


290 580 


capacitance over recommended supply voltage range and operating free-air temperature range, f-1 


PARAMETER 

TMS' 

UNIT 

TYP* MAX 

Cj Input capacitance 

4 6 

pF 

Cq Output capacitance 

8 12 

PF 


tThis parameter is tested on sample basis only. 

^All typical values are at = 25"C and nominal voltages. 
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TMS2708, TIVIS27L08 

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

TMS2708-35 

TMS2703 

TMS27L08 

UNIT 

MIN MAX 

MIN MAX 

ta(A) Access time from Address 

Cl = 100 pF 

1 Series 54/74 TTL load 

1f(S)- tf(A) = 20 ns 

350 

450 

ns 

ta(S) Access time from S 

120 

120 


tv(A) Output data valid after address 

change 

0 

0 

ns 

'dis Output disable time^ 

0 120 

0 120 

ns 

^c(rd) Read cycle time 

350 

450 

ns 


^Value calculated from 0.5 volt delta to measured output level. 


recommended timing requirements for programming Ta = 25 °C 


PARAMETER 

TMS' 

UNIT 

MIN 

MAX 

tw(PR) 

Pulse duration, program pulse 

0.1 1 


tt 

Transition times (except program pulse) 

20 

ns 

■ssinii 

Transition times, program pulse 

50 

2000 

ns 

1su(A) 

Address setup time 

10 


tsu(D) 

Data setup time 

10 


tsu(PE) 

Program enable setup time 

10 

I^Bi 

th(A) 

Address hold time 

1000 

ns 

th(DA) 

Address hold time after program input data stopped 

0 

■SB 

th(D) 

Data hold time 

1000 

ns 

'h(PE) 

Program enable hold time 

500 

ns 

ISLAX 

Delay time, S(PE) low to address change 

0 

ns 
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EPROM Devices 


SMJ2708, SMJ27L08 

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


recommended operating conditions 


PARAMETER 

SMJ2708-35 

SMJ2708-45 

SMJ27L08-45 

UNIT 


MIN 

NOM MAX 

MIN 

NOM 

MAX 


Supply voltage, Vge 



HHEl 

-5 

-5.5 

V 

Supply voltage, Vqc 

4.75 

5 5.25 

4.5 

5 

5.5 

V 

Supply voltage, Vqd 

11.4 

12 12.6 

10.8 

12 

13.2 

V 

Supply voltage Vss 

0 

0 

V 

High-level input voltage, V|h 
( except program and program enable 

2.4 

Vcc + i 

2.2 


Vcc + 1 


High-level program enable input voltage, V|(-|(pE) 

11.4 

12 12.6 

10.8 

12 

13.2 

V 

High-level program input voltage, V|(-|(pR) 

25 

26 27 

25 

26 

27 

V 

Low-level input voltage, V|l (except program) 

Vss 

0.65 

Vss 


0.65 

V 

Low-level program input voltage, V|l(pr) 

Note: V|L(pR) max < V|h(pr) -25 V 

Vss I 

Vss 1 

V 

High-level program pulsle input current (sink), l||-i(PR) 

40 

40 

■BEM 

Low-level program pulse input current (source), I|L(PR) 

3 

3 


Operating case temperature, Jc 

-55 

125 

-55 


125 

°c 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

SMJ2708-35 

SMJ2708-45 

SMJ27L08-45 

UNIT 

MIN TYPI MAX 

MIN TYPI MAX 

VoH High-level output voltage 

Iqh = - 100 M 

3.7 

3.7 

V 

lOH = -1 mA 

2.4 

2.4 

Vql Low-level output voltage 

Iql = 1-6 mA 

0.45 

0.40 

V 

l| Input current (leakage) 

V| = 0 V to 5.25 V 

1 10 

1 10 

aA 

Iq Output current (leakage) 

S (PE) = 5 V, 

Vq = 0.4 V to 5.5 V 

1 10 

1 10 

aA 

IrB Supply current from Vbb 

All inputs high, 

S (PE) = 5 V, 

30 45 

9 18 

mA 

Ice Supply current from Vqc 

6 10 

0.9 6 

mA 

IqD Supply current from Voq 

50 65 

20 34 

mA 


capacitance over recommended supply voltage range and operating case temperature range, f = 1 MHz'l^ 


PARAMETER 

SMJ' 

UNIT 

TYP* MAX 

C| Input capacitance 

4 6 

pF 

Cq Output capacitance 

8 12 

■pF 


^This parameter is tested on sample basis only. 

^All typical values are at T(; = 25°C and nominal voltages. 
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SMJ2708, SMJ27L08 

1024 WORD BY 8-BiT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


switching characteristics over recommended supply voltage range and operating case temperature range 



PARAMETER 

TEST CONDITIONS 

SMJ2708-35 

SMJ2708 

SMJ27L08 

UNIT 




MIN 

MAX 

MIN 

MAX 


ta(A) 

Access time from Address 


350 

450 

ns 

ta(S) 

Access time from S 

Cl = 100 pF 

120 

120 

ns 

tv(A) 

Output data valid after address change 

1 Series 54/74 TTL load 

0 

0 

ns 

tdis 

Output disable time^ 

tf(S)> tf(A| = 20 ns 

0 

120 

0 

120 

ns 

^c(rd) 

Read cycle time 

350 

450 

ns 


^Value calculated from 0.5 volt delta to measured output level. 


recommended timing requirements for programming Tc = 25 °C 


PARAMETER 

SMJ' 

UNIT 

MIN 

MAX 

1w(PR) 

Pulse duration, program pulse 

0.1 1 

lUQIIII 

tt 

Transition times (except program pulse) 

20 

ns 

It(PR) 

Transition times, program pulse 

50 

2000 

ns 

1su(A) 

Address setup time 

10 

/IS 

1su(D) 

Data setup time 

10 

H9II 


Program enable setup time 

10 

/rS 

1h(A) 

Address hold time 

1000 

mxm\ 

th(DA) 

Address hold time after program input data stopped 

0 

ns 

th(D) 

Data hold time 

1000 

ns 

th(PE) 

Program enable hold time 

500 

ns 

ISLAX 

Delay time, S(PE) low to address change 

0 

ns 
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EPROM Devices 


TMS2708, TMS27L08 
SMJ2708, SMJ27L08 

1024-WORD BY 8-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


PARAMETER MEASUREMENT INFORMATION 
V = 2.4 V 


OUTPUT 
UNDER TEST' 


Rl = 310 n 


Cl = 100 pF 


FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 


ADDRESSES 


S(PE) 


Q1-Q8 


■*c(rd)" 


■ *c(rd)- 



program cycle timing 



*S (PE) is at -•'12 V through N program loops where N <100 ms/t\^(PR). 

NOTE: Q1-Q8 outputs are invalid up to 10 fisec after programming (S (PE) goes low]. 
All timing reference points in this data sheet (inputs and outputs) are 90% points. 
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TMS27Q8, TIVIS27L08 
SMJ2708, SMJ27L08 

1024-WORD BY 8 BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORIES 


TYPICAL '27L08-45 CHARACTERISTICS 


DEVICE POWER DISSIPATION vs TEMPERATURE 



0 10 20 30 40 50 60 70 


Ta - Free-Air Temperature - “C 


STATIC OUTPUT VOLTAGE vs OUTPUT CURRENT 



0 1 2 3 4 5 

Iq - Output Current - mA 

Texas Instruments reserves the right to make changes at any time in order to ii 


CURRENT vs TEMPERATURE 



6 


ACCESS TIME vs TEMPERATURE 



0 10 20 30 40 50 60 70 

Ta — Free-Air Temperature - “C 
design and to supply the best product possible. 
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MOS 

LSI 


2048 X 8 Organization 
Aii inputs and Outputs Fully TTL Compatible 
Static Operation (No Clocks, No Refresh) 
Performance Ranges: 


TMS2716-30 
TMS2716-45 


ACCESS TIME 
(MAX) 

300 ns 
450 ns 


CYCLE TIME 
(MIN) 

300 ns 
450 ns 


• 3-State Outputs for OR-Ties 


• N-Channel Silicon-Gate Technology 

• 8-Bit Output for Use in Microprocessor- 
Based Systems 


TMS2716 

2048-WORD BY 8 BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORIES 

DECEMBER 1979 - REVISED OCTOBER 1983 


TMS2716 . . . JL PACKAGE 
(TOP VIEW) 

A7 pi '^24n Vcc(PE) 
A6 C 2 23 D A8 

A5C 3 22 IIa9 

A4C4 20Vbb 
ASCS 20UAIO 
A2 n ® 19 D VpD 

A1 C 7 18 H S(PGM) 

AO C 8 17 U Q8 

Olds leHoy 
Q2C1 O 15I]q6 
oaCii mUqb 
Vss D Q4 


• Low Power ... 315 mW (Typical) 
description 

The TMS2716 is an ultra-violet light-erasable, elec¬ 
trically programmable read-only memory. It has 
16,384 bits organized as 2048 words of 8-bit length. 

The device is fabricated using N-channel silicon-gate 
technology for high-speed and simple interface with 
MOS and bipolar circuits. All inputs (including program 
data inputs) can be driven by Series 74 circuits 
without the use of external pull-up resistors and each output can drive one Series 74 or 74LS TTL circuit without 
external resistors. The TMS2716 guarantees 250 mV dc noise immunity in the low state. Data outputs are three- 
state for OR-tying multiple devices on a common bus. The TMS2716 is plug-in compatible with the TMS2708 and 
the TMS27L08. Pin compatible mask programmed ROMs are available for large volume requirements. 


PIN NOMENCLATURE 

A0-A10 

Addresses 

Q1-Q8 

Data Out 

S(PGM) 

Chip Select (Program) 

Vbb 

- 5-V Supply 

VCC(PE) 

-i-5-V Supply (Program Enable) 

Vdd 

- 1 - 12-V Supply 

Vss 

0 V Ground 



This EPROM is designed for high-density fixed-memory applications where fast turn arounds and/or program changes 
are required. It is supplied in a 24-pin dual-in-line cerpak (JL suffix) package designed for insertion in mounting-hole 
rows on 600-mil (15,2 mm) centers. It is designed for operation from 0°C to 70°C. 


operation (read mode) 

address (AO-A10) 

The address-valid interval determines the device cycle time. The 11-bit positive-logic address is decoded on-chip to 
select one of 2048 words of 8-bit length in the memory array. AO is the least-significant bit and A10 most-significant 
bit of the word address. 

chip select, program [S (PGM)] 

When the chip select is low, all eight outputs are enabled and the eight-bit addressed word can be read. When the 
chip select is high, all eight outputs are in a high-impedance state. 

program 

In the program mode, the chip select feature does not function as pin 18 inputs only the program pulse. The program 
mode is selected by the Vcc(PE) pin. Either 0 V or -E 12 V on this pin will cause the TMS2716 to assume program cycle. 

data out (Q1-Q8) 

The chip must be selected before the eight-bit output word can be read. Data will remain valid until the address is 
changed or the chip is deselected. When deselected, the three-state outputs are in a high-impedance state. The out¬ 
puts will drive TTL circuits without external components. 


Copyright © 1983 by Texas Instruments Incorporated 
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TMS2716 

2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORIES 


operation (program mode) 

erase 

Before programming, the TMS2716 is erased by exposing the chip through the transparent lid to high intensity ultraviolet 
light (wavelength 2537 angstroms). The recommended minimum exposure dose (= UV intensity x exposure time) 
is fifteen watt-seconds per square centimeter. Thus, a typical 12 milliwatt per square centimeter, filterless UV lamp 
will erase the device in a minimum of 21 minutes. The lamp should be located about 2.5 centimeters above the chip 
during erasure. After erasure, all bits are in the high state. 

programming 

Programming consists of successively depositing a small amount of charge to a selected memory cell that is to be 
changed from the erased high state to the low state. A low can be changed to a high only by erasure. Programming 
be normally accomplished on a PROM or EPROM Programmer, an example of which is Tl's Universal PROM Program¬ 
ming Module in conjunction with the 990 prototyping system. Programming must be done at room temperature (25 °C) 
only. 

to start programming (see program cycle timing diagram) 

First bring the Vcc(PE) pin to + 12 V or 0 V to disable the outputs and convert them to inputs. This pin is held high 
for the duration of the programming sequence. The first word to be programmed is addressed (it is customary to begin 
with the "0” address) and the data to be stored is placed on the Q1-Q8 program inputs. Then a -1-26 V program 
pulse is applied to the program pin. After 0.1 to 1.0 milliseconds the program pin is brought back to 0 V. After at 
least one microsecond the word address is sequentially changed to the next location, the new data is set up and the 
program pulse is applied. 

Programming continues in this manner until all words have been programmed. This constitutes one of N program loops. 
The entire sequence is then repeated N times with N xtw(PR) s 100 ms. Thus, if tw(PR) = 1 rns; then N = 100, 
the minimum number of program loops required to program the EPROM. 

to stop programming 

After cycling through the N program loops, the last program pulse is brought to 0 V, then Program Enabie Vcc(PE^) 
is brought back to ± 5 volts which takes the device out of the program mode. The data supplied by the programmer 
must be removed before the address is changed since the program inputs are now data outputs and a change of ad¬ 
dress could cause a voltage conflict on the output buffer. Q1-Q8 outputs are invalid up to 10 microseconds after 
the program enable pin is brought from V|H(PE) to V|L(pe)_ 

logic symbol'!' 



tThis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions in IEEE and lEC. See explanation on page 10-1. 
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TMS2716 

2048-WORD BY 8-BIT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORIES 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vbb (see Note 1) . -0.3 V to 7 V 

Supply voltage, Vcc (see Note 1) . -0.3 V to 15 V 

Supply voltage, Vqd (see Note 1) . -0.3 V to 20 V 

Supply voltage, Vss (see Note 1) . -0.3 V to 15 V 

All input voltage (except program) (see Note 1) . -0.3 V to 20 V 

Program input (see Note 1) . -0.3 V to 35 V 

Output voltage (operating, with respect to Vss) . -2Vto7V 

Operating free-air temperature range . 0°C to 70°C 

Storage temperature range . -55°Cto125°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
Operating of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Under absolute maximum ratings, voltage values are v/ith respect to the most-negative supply voltage, Vqq (substrate), unless otherwise noted. 
Throughout the remainder of this data sheet, voltage values are with respect to V 33 . 

recommended operating conditions 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply voltage, V0 q 

-4.75 

-5 

-5.25 

V 

Supply voltage, Vcc 

4.75 

5 

5.25 

V 

Supply voltage, Vdd 

11.4 

12 

12.6 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|H (except program and program enable) 

2.4 


vcc+1 

V 

High-level program enable input voltage, V|h(PE) 

11.4 

12 

12.6 

V 

High-level program input voltage, V|h(PR) 

25 

26 

27 

V 

Low-level input voltage, Vm (except program) 

Vss 


0.65 

V 

Low-level program input voltage, V|L(pr) 

Note; V|L(pR| max s V|H(PR) -25 V 

Vss 


1 

V 

High-level program pulse input current (sink), I|H(PR) 

40 

mA 

Low-level program pulse input current (source), I|L(PR) 

3 

mA 

Operating free-air temperature, T/\ 

0 


70 

“C 


electrical characteristics over full ranges of recommended operating conditions (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP^ 

MAX 

UNIT 

VOH 

High-level output voltage 

Iqh = -100 nA 

3.7 


'oh = -1 mA 

2.4 


VOL 

Low-level output voltage 

Iql = 1.6 mA 

0.45 

V 

l| 

Input current (leakage) 

V|L = 0 V to 5.25 V 

1 10 

aA 

'o 

Output current (leakage) 

S (Program) = 5 V, Vq = 0.4 V to 5.25 V 

1 10 

aA 

Ibb 

Supply current from Vgg 

All inputs high. 


10 

20 

mA 

'cc 

Supply current from Vcc 

S (Program) = 5 V, 

1 8 

mA 

Idd 

Supply current from V[)d 

Ta = o°c 

(worst case) 


26 

45 

mA 

■PE 

Supply current from PE on Vcc P'f’ 

VPE = Vdd 


2 

4 

mA 



Ta = 70 °C 

540 


PD(AV) 

Power Dissipation 

Ta = 0°C S = 0 V 


315 

595 

mW 



Ta = O'-C S = -1-5 V 


375 

720 



^ All typical values are at = 25 °C and nominal voltages. 
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TMS2716 

2048-WORD BY 8-BiT ERASABLE 
PROGRAMMABLE READ-ONLY MEMORIES 


capacitance over recommended supply voltage range and operating free-air temperature range. 

f = 1 

MHz 

PARAMETER 

TYP^ 

MAX 

UNIT 

Ci 

Input capacitance [except S (Programll 

4 

6 

pF 

Ci(S) 

S (Program) input capacitance 

20 

30 

pF 

Co 

Output capacitance 

8 

12 

pF 


^ All typical values are at T/^ = 25°C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

TMS2716-30 

TMS2716-45 

UNIT 

MIN MAX 

MIN MAX 

'a(A) Access time from address 

Cl = 100 pF 

1 Series 74 TTL Load 

tf(S)> »f(A) = 20 ns 

See Figure 1 

300 

450 

ns 

*a(S) Access time from S 

120 

120 

ns 

ivlA) Output data valid after address change 

0 

0 

ns 

t(jjs Output disable time ^ 

0 120 

0 120 

ns 

tc(rd) Read cycle time 

300 

450 

ns 


^ Value calculated from 0.5 volt delta to measured output level. 


Ta = 25 °C program characteristics over recommended supply voltage range 


PARAMETER 

MIN 

MAX 

UNIT 

tw(PR) 

Pulse duration, program pulse 

0.1 1 

ms 

tt 

Transition times (except program pulse) 

20 

ns 

tt(PR) 

Transition times, program pulse 

30 

2000 

ns 

^sulA) 

Address setup time 

10 

liS 

tsu(D) 

Data setup time 

10 

US 

'suIPE) 

Program enable setup time 

10 

US 

*h(A) 

Address hold time 

1000 

ns 

th(DA) 

Address hold time after program input data stopped 

0 

ns 

'h(D) 

Data hold time 

1000 

ns 

th(PE) 

Program enable hold time 

500 

ns 

tSLAX 

Delay time, S (Program) low to address change 

0 

ns 


PARAMETER MEASUREMENT INFORMATION 

V = 2.4 V 


OUTPUT 
UNDER TEST 


Rl 310 n 


= 100 pF 


FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 
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TIVIS2732A 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

AUGUST 1983 


• Organization . . . 4096 X 8 

• Single + 5-V Power Supply 

• All Inputs and Outputs Are TTL Compatible 

• Performance Ranges: 

ACCESS TIME CYCLE TIME 
(MAX) (MIN) 

TMS2732A-30 300 ns 300 ns 

TMS2732A-35 350 ns 350 ns 

TMS2732A-45 450 ns 450 ns 

• Low Standby Power Dissipation ... 

158 mW (Maximum) 

• JEDEC Approved Pinout . . . Industry 
Standard 

• 21-V Power Supply Required for 
Programming 

• N-Channel Silicon-Gate Technology 

• 8-Bit Output for Use in Microprocessor 
Based Systems 

• Static Operation (No Clocks, No Refresh) 


TMS2732A . . . JL PACKAGE 
(TOP VIEW) 



• Available with MIL-STD-883B Processing and L(0°C to 70 °C), E(-40°C to 85 °C). or S(-55°C to 
100°C) Temperature Ranges in the Future 

description 

The TMS2732A is an ultraviolet light-erasable, electrically programmable read-only memory. It has 32,768 bits organized 
as 4,096 words of 8-bit length. The TMS2732A only requires a single 5-volt power supply with a tolerance of ± 5%. 

The TMS2732A provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows the 
G control line to eliminate bus contention in multibus microprocessor systems. The TMS2732A has a power-down 
mode that reduces maximum power dissipation from 657 mW to 1 58 mW when the device is placed on standby. 

This EPROM is supplied in a 24-pin dual-in-line ceramic package and is designed for operation from 0°C to 70°C. 

operation 


The six modes of operation for the TMS2732A are listed in the following table. 



X = V|H or V|i' 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 


Copyright © 1983 by Texas Instruments Incorporated 
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TMS2732A 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


6 


read 

The two control pins (E and G/Vpp) must have low-level TTL signals in order to provide data at the outputs. Chip 
enable (E) should be used for device selection. Output enable (G/Vpp) should be used to gate data to the output pins. 

power down 

The power-down mode reduces the maximum power dissipation from 657 mW to 1 58 mW. A TTL high-level signal 
applied to E selects the power down mode. In this mode, the outputs assume a high-impedance state, independent 
of G/Vpp. ■ 

program 

The programming procedure for the TMS2732A is the same as that for the TMS2532, except that in the program 
mode, G/Vpp is taken from a TTL low-level to 21 V. 

The program mode consists of the following sequence of events. With the level on G/Vpp equal to 21 V; data to 
be programmed is applied in parallel to output pins Q8 — Q1. The location to be programmed is addressed. Once 
data and addresses are stable, a 10-millisecond TTL low-level pulse is applied to E. The maximum width of this pulse 
is 55 milliseconds. The programming pulse must be applied at each location that is to be programmed. Locations may 
be programmed in any order. 

/ 

Several TMS2732As can be programmed simultaneously by connecting them in parallel and following the program¬ 
ming sequence previously described. 

program verify 

After the EPROM has been programmed, the programmed bits should be verified. To verify bit states, G/Vpp and E 
are set to V|L. 

program inhibit 

The program inhibit is useful when programming multiple TMS2732As connected in parallel with different data. Pro¬ 
gram inhibit can be implemerited by applying a high-level signal to E of the device that is not to be programmed. 

erasure 

The TMS2732A is erased by exposing the chip to shortwave ultraviolet light that has a wavelength of 253.7 nanometers 
(2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure time) is fifteen watt-seconds 
per square centimeter. The lamp should be located about 2.5 centimeters (1 inch) above the chip during erasure. After 
erasure, all bits are at a high level. It should be noted that normal ambient light contains the correct wavelength for 
erasure. Therefore, when using the TMS2732A, the window should be covered with an opaque label. 
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TIVIS2732A 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


logic symbol^ 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

E 


G/Vpp 


(8) 

EPF 

o' 

lOM 4096 X 8 


(7) 



(6) 



(9) 

(5) 


AV 


(10) 

(4) 


AV 


(11) 

(3) 


AV 


(13) 

(2) 




(14) 

(1) 


4095 A V 


(15) 

(23) 


AV 


(16) 

(22) 


AV 


(17) 

(19) 


AV 



(21) 

11 



(18) 


[PW 

R DWNl 



* 


(20) 

L 

& 

EN 


1 





Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 


^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vcc . -0.3 V to 7 V 

Supply voltage, Vpp.. -0.3 V to 22 V 

All input voltage (except program) . -0.3 V to 7 V 

Output voltage... -0.3 V to 7 V 

Operating free-air temperature range. 0°C to 70 °C 

Storage temperature range. -55°C to 125°C 


t Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not Implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 
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recommended operating conditions 


PARAMETER 

TMS2732A-30 

TMS2732A-35 

TMS2732A-45 

UNIT 

MIN NOM MAX 

MIN NOM MAX 

MIN NOM MAX 

Supply voltage, Vcc (see Note 1) 

4.75 5 5.25 

4.75 5 5.25 

4.75 5 5.25 

V 

Supply voltage, Vpp (see Note 2) 

Vcc 

Vcc 

Vcc 

V 

Supply voltage, Vss 

0 

0 

0 

V 

High-level input voltage, Vm 

2 Vcc+1 

2 Vcc+1 

2 Vcc+1 

V 

Low-level input voltage, V|l 

-0.1 0.8 

-0.1 0.8 

-0.1 0.8 

V 

Read cycle time, tc(rd) 

300 

350 

450 

ns 

Operating free-air temperature, 

O 

o 

0 70 

0 70 

°c 


NOTES: 1. Vq 0 must be applied before or at the same time as Vpp and removed after or at the same time as Vpp. The device must not be inserted into 
or removed from the board when Vpp or Vcc applied. 

2. Vpp can be connected to Vcc directly (except in the program mode). Vqc supply current in this case would be Icc *PP' During programming, 
Vpp must be maintained at 21 V (±0.5 V). 
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TMS2732A 

32,768-BiT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


(electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ 

MAX 

UNIT 

Vqh 

High-level output voltage 

Iqh = -400 liA 

2.4 

V 

VoL 

Low-level output voltage 

I 0 L = 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 

V|=OV to 5.25 V 

±10 

pA 

•o 

Output current (leakage) 

Vo=0.4 V to 5.25 V 

±10 

pA 

'cci 

Vcc supply current (standby) 

E at V|H, G at V|l 

20 

30 

mA 

ICC2 

Vcc supply current (active) 

E" and G at V|l 

70 

125 

mA 


^Typical values are at = 25°C an<J nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


1 PARAMETER | 

TEST CONDITIONS 

MIN TYP^ 

UNIT 

C; Input capacitance 

All except G/Vpp 

V| = 0 V 

4 6 

PF 

G/Vpp 

20 

1 Cq Output capacitance | 

Vo = 0 V 

12 

PF 


'^Typical values are at T;^ = 25°C and nominal voltage. 


switching characteristics over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TEST CONDITIONS 

(See Note 3) 

TMS2732A-30 

TMS2732A-35 

TMS2732A-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

ta(A) Access time from address 

Cl = 100pF, 

1 Series 74 TTL Load, 
tr£20 ns, 
tf <20 ns. 

See Figure 1 , 

300 

350 

450 

—I 


300 

350 

450 

HH 


150 

150 

150 



100 

100 

100 

BSI 


100 

100 

100 



0 

0 

0 

ns 


NOTE 3. Timing measurement reference levels: inputs 0.8 V and 2 V 

outputs 0.8 V and 2 V. 

^Value calculated from 0.5 V delta to measured output level. 

recommended conditions for programming, Ta = 25°C 


PARAMETER 

MIN 

TYP 

MAX 

UNIT 

Vcc 

Supply voltage 

4.75 

5 

5.25 

V 

Vpp 

Supply voltage 

20.5 

21 

21.5 

V 

V|H 

High-level input voltage 

2 


Vcc + 1 

V 

V|L 

Low-level input voltage 

-0.1 


0.8 

V 

1w(E) 

E pulse duration 

9 


55 

ms 

1su(A) 

Address setup time 

2 

AS 

fsu(D) 

Data setup time 

2 

AS 

tsu(VPP) 

Vpp setup time 

2 

AS 

th(A) 

Address hold time 

0 

AS 

th(D) 

Data hold time 

2 

AS 

Ih(VPP) 

Vpp hold time 

2 

AS 

Irec(PG) 

Vpp recovery time 

2 

AS 

tEHD 

Delay time, data valid after E low 

1 

AS 
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programming characteristics, Ta = 25°C 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP MAX 

IlffIMi 

V|H 

High-level input voltage 


2 

VCG + 1 

V 


Low-level input voltage 


-0.1 

0.8 

V 

VOH 

High-level output voltage (verify) 

Iqh = -400 pA 

2.4 

V 

VOL 

Low-level output voltage (verify) 

Iol = 2.1 mA 

0.45 

HHI 

l| 

Input current (all inputs) 

V( = V|L or V|H 

10 


Ipp 

Supply current 

E = V|l, G = Vpp 

30 


'cc 

Supply current 


125 



Output disable time 


0 

100 

BSIIH 


PARAMETER MEASUREMENT INFORMATION 


V = 2.09 V 


OUTPUT 
UNDER TEST 


Rl = 780 n 


Cu = 100 pF 



FIGURE 1 - TYPICAL OUTPUT LOAD CIRCUIT 
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TMS2732A 

32,768-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


read cycle timing 



standby mode 



program cycle timing 



Timing measurement reference levels: Inputs 0.8 V and 2 V 
Outputs 0.8 V and 2 V. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MOS TMS2764 

LSI 65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

JULY 1983 - REVISED JANUARY 1984 


Organization ... 8192 X 8 
Single +5-V Power Supply 
Pin Compatible with TMS2732A EPROM 
All Inputs and Outputs are TTL Compatible 
Performance Ranges: 

MAX ACCESS/ 

MIIM CYCLE TIME 


TMS2764-20 200 ns 

TMS2764-25 250 ns 

TMS2764-30 300 ns 

TMS2764-35 350 ns 

TMS2764-45 450 ns 


Low Active Current ... 100 mA (Max) 

JEDEC Approved Pinout 

21-V Power Supply Required for 
Programming 

Fast Programming Algorithm 

N-Channel Silicon-Gate Technology 

8-Bit Output for Use in Microprocessor- 
Based Systems 

Static Operation (No Clocks, No Refresh 

Available with MIL-STD-883B Processing 
and L(0°C to 70°C), E(-40°C to 85°C), or 
M(-55°C to 125°C) Temperature Ranges 


TMS2764 . . . JL PACKAGE 
(TOP VIEW) 


VppC 

1 ©28 

D vcc 

A12 C 

2 27 

3 PGM 

A7r 

3 26 

D NC 

A6 C 

4 25 

I] A8 

A5 C 

5 24 

J A9 

A4C 

6 23 

J A1 1 

A3[I 

7 22 

JG 

A2i: 

8 21 

D A10 

AlC 

9 20 

JE 

AOC 

10 19 

D Q8 

QIC 

11 18 

5q7 

Q2C 

12 17 

J Q6 

QSC 

13 16 

J Q5 

gndC 

14 15 

^ 04 

PIN NOMENCLATURE 

A0-A12 

Addresses 

E 

Chip Enable 

G 

Output Enable 

GND 

Ground 


NC 

No Connection 

PGM 

Program 


Q1-Q8 

outputs 


vcc 

+ 5-V Power Supply 

Vpp 

-1-21-V Power Supply 



in the Future 


description 

The TMS2764 is an ultraviolet light-erasable, electrically programmable read-only memory. It has 65,536 bits organized 
as 8,192 words of 8-bit length. The TMS2764-20 only requires a single 5-volt power supply with a tolerance of + 5%, 
and has a maximum access time of 200 ns. This access time is compatible with high-performance microprocessors. 

The TMS2764 provides two output control lines: Output Enable (G) and Chip Enable (E). This feature allows the G 
control line to eliminate bus contention in microprocessor systems. The TMS2764 has a power-down mode that reduces 
maximum active current from 100 mA to 35 mA when the device is placed on standby. 

This EPROM is supplied in a 28-pin, 600-mil dual-in-line ceramic package and is designed for operation fromO°C to 70 °C. 

operation 

The six modes of operation for the TMS2764 are listed in the following table. 
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ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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TMS2764 

65,536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


FUNCTION 

(PINS) 

MODE 

Read 

Output 

Disable 

Power Down 

(Standby) 

Fast 

Programming 

Program 

Verification 

Inhibit 

Programming 

E 

(20) 

V|L 

X 

V|H 

V|L 

ViL 

V|H 

G 

(22) 

V|L 

V|H 

X 

V|H 

V|L 

X 

(27) 

V|H 

V|H 

X 

V|L 

V|H 

X 

Vpp 

(1) 

Vcc 

Vcc 

Vcc 

Vpp 

Vpp 

X 

Vcc 

(28) 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Q1-Q8 

(11 to 13, 

15 to 19) 

Q 

Hl-Z 

Hl-Z 

D 

Q 

Hl-Z 


X = V|L or V|H 


6 


read 

The dual control pins (E and G) must have low/-level TTL signals in order to provide data at the outputs. Chip eanble 
(E) should be used for device selection. Output enable (G) should be used to gate data to the output pins. 

power down 

The power-down mode reduces the maximum active current from 100 mA to 35 mA. A TTL high-level signal applied 
to E selects the power-down mode. In this mode, the outputs assume a high-impedance state, independent of 5^. 

erasure 

Before programming, the TMS2764 is erased by exposing the chip to shortwave ultravioiet light that has a wavelength 
of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure time) 
is fifteen watt-seconds per square centimeter. A typical 12 mW/cm2 UV lamp will erase the device in approximately 
20 minutes. The lamp should be located about 2.5 centimeters (1 inch) above the chip during erasure. After erasure, 
all bits are at a high level. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the TMS2764, the window should be covered with an opaque label. 

fast programming 

Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS2764. 

After erasure, logic "O's" are programmed into the desired locations. Programming consists of the following sequence 
of events. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed is applied in parallel to 
output pins Q8-Q1. The location to be programmed is addressed. Once data and addresses are stable, a TTL low-level 
pulse is applied to PGM. Programming pulses must be applied at each location that is to be programmed. Locations 
may be programmed in any order. 

Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 millisecond; 
this pulse is applied X times. After each application the byte being programmed is verified. If the correct data is read, 
the Final programming pulse is then applied, if correct data is not read, a further 1 millisecond programming pulse 
is applied up to a maximum X of 15. The Final programming pulse is 4X milliseconds long. This sequence of program¬ 
ming pulses and byte verification is done at Vcc = 6.0 V and Vpp = 21.0 V. When the full fast programming routine 
is complete, all bits are verified with Vqc = Vpp = 5 V. A flowchart of the fast programming routine is shown in 
Figure 1. 


6-54 


18 

, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 



TMS2764 

65,536-BIT ERASABLE PROGRAMMABLE READ ONLY MEMORY 


multiple device programming 

Several TMS2764's can be programmed simultaneously by connecting them in parallel and following the programm¬ 
ing sequence previously described. 

program inhibit 

I 

The program inhibit is useful when programming multiple TMS2764's connected in parallel with different data. Pro¬ 
gram inhibit can be implemented by applying a high-level signal to E or PGM of the device that is not to be programmed. 




FIGURE 1 - FAST PROGRAMMING FLOWCHART 
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65.536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


logic symbol^ 


6 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

A10 

A11 

A12 

E 


( 10 ) 


( 9 ) 


( 8 ) 


(7) 


( 6 ) 


(5) 


(4) 


(3) 


(25) 


(24) 


( 21 ) 


(23) 

( 2 ) 


( 20 ) 


( 22 ) 


EPROM 8192x8 

0 

AV 


AV 


AV 


0 AV 


p819lAV 


AV 


AV 


AV 

12, 


1 (PWR OWN) 1 

& 

EN 


( 11 ) 


( 12 ) 

(13) 

(15) 

(16) 

(17) 

(18) 


(19) 


Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 


^ This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted) ^ 


Supply voltage, Vqc . -0.6 V to 7 V 

Supply voltage, Vpp . -0.6 V to 22 V 

All input voltage . -0.6 V to 7 V 

Output voltage .. -0.6 V to 7 V 

Operating free-air temperature range .. 0°C to 70°C 

Storage temperature range . -65°C to 150°C 


* Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute*maximum-rated conditions for extended periods may affect device reliability^ 


recommended operating conditions 


PARAMETER 

TMS2764 

UNIT 

MIN NOM MAX 

Supply voltage, Vcc 

4.75 5 5.25 

V 

Supply voltage, Vpp 

vcc 

V 

High-level input voltage, V|h 

2 Vcc+1 

V 

Low-level input voltage, V|L (see Note 1) 

-0.1 0.8 

V 

Operating free-air temperature, Ta 

o 

o 

“C 


NOTE 1: The algebraic convention, where the more negative (less positive) limit is deisgnated as minimum is used in this data sheet for logic voltage levels only. 
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TMS2764 

65.536-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ MAX 

UNIT 

Vqh 

High-level output voltage 

Iqh = -400 fiA 

2.4 

V 

Vql 

Low-level output voltage 

Iql = 2.1 mA 

0.45 

V 

i| 

Input current (load) 

V| = 0 V to 5.25 V 

±10 

irA 

•o 

Output current (leakage) 

Vo = 0.4 V to 5.25 V 

±10 

(tA 

Ippi 

Vpp supply current (read) 

Vpp = 5.25 V 

5 

mA 

Ipp2 

Vpp supply current (program) 

E and PGM at V|l 

50 

mA 

icci 

Vcc supply current (standby) 

E at V|H 

35 

mA 

ICC2 

Vcc supply current (active) 

E and G at V|l 

100 

mA 


Typical values are at = 25°C and nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


1 PARAMETER 

TEST CONDITIONS 

MIN TYP^ 

MAX 

UNIT 

Ci 

Input capacitance 

V| = 0 V 

4 

6 

pF 

Co 

Output capacitance 

Vo = 0 V 

8 

12 

pF 


^Typical values are at = 25“C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range. 
Cl = 100 pF, 1 Series 74 TTL load (see note 2 and figure 2) 


PARAMETER 

TMS2764-20 

TMS2764-25 

TMS2764-30 

TMS2764-35 

TMS2764-45 

UNIT 


MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

ta(A) Access time from address 

200 

250 

300 

350 

450 

IQl 

fa(E) Access time frm E 

200 

250 

300 

350 

450 

ns 


75 

100 

120 

150 

150 

ns 


0 60 

CO 

o 

0 105 

0 130 

0 130 

ns 

Output data valid time after 
tv(A) change of address, E, or G, 

whichever occurs first 

0 

0 

0 

0 

0 

ns 


NOTE 2: Fall all switching characteristics and timing measurements, input timing reference levels are 0.8 V and 2 V; output timing reference levels are 0.8 V 
and 2 V. 

^ Value calculated from 0.5 volt delta to measured output level; is specified from G or E, whichever occurs first. Refer to read cycle timing diagram. 
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recommended conditions for fast programming routine. Ta = 25 °C (see note 2 and fast programming 
cycie timing diagram) 


PARAMETER 

Mll\( 

NOM 

MAX 

UNIT 

Vcc 

Supply voltage (see Note 3) 

5.75 

6 

6.25 

V 

Vpp 

Supply voltage (see Note 4) 

20.5 

21 

21.5 

V 

tw(IPGM) 

PGM initial program pulse duration (see Note 5) 

0.95 

1 

1.05 

ms 

tw{FPGM) 

PGM final pulse duration (see Note 6) 

3.8 


63 

ms 

'su(A) 

Address setup time 

2 

liS 

tsu(D) 

Data setup time 

2 

US 

tsu(VPP) 

Vpp setup time 

2 

ns 

tsu(VCC) 

Vcc setup time 

2 

ns 

*h(A) 

Address hold time 

0 

ns 

th(D) 

Data hold time . 

2 

ns 

tsu(E) 

E setup time 

2 

ns 

tsu(G) 

G setup time 

2 

MS 


fast programming characteristics, Ta = 25 °C (see note 2 and fast programming cycle timing diagram) 


PARAMETER 

TEST CONDITIONS 

MIN TYP MAX 

UNIT 

^dis(GIFP Output disable time from 5 (see Note 7) 

Cl = 100 pF 

1 Series 74 TTL load 

0 130 

ns 

'en(G)FP Output enable time from G 

150 


NOTES; 


6 


2. For all switching characteristics and timing measurements, input timing reference levels are 0.8 V and 2 V; output timing reference levels are 
0.8 V and 2 V. 

3. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

4. When programming the TMS2764, connect a 0.1 pF capacitor between Vpp and GND to suppress spurious voltage transients which may damage 
the device. 

5. The Initial program pulse duration tolerance is 1 ms ± 5%. 

6. The length of the Final pulse will vary from 3.8 ms to 63 ms depending on the number of Initial pulse applications IXI. 

7. This parameter is only sampled and is not 100% tested. 
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MOS TMS27128 

LSI 131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 

OCTOBER 1983 - REVISED JANUARY 1984 


16,384 X 8 Organization 
Singie +5-V Power Suppiy 
Pin Compatibie with TMS2764 EPROM 
All Inputs and Outputs Are TTL Compatible 
Max Access/Min Cycle Time: 

TMS27128-25 250 ns 

TMS27128-30 300 ns 

TMS27128-45 450 ns 

Low Active Current 
- 100 mA (Maximum) 

JEDEC Approved Pinout 

Fast Programming Algorithm 


TMS27128 . . . JL PACKAGE 
(TOP VIEW) 

Vpp pi O 28 ] Vcc 
27 2 PGM 


A12 r 2 

A7 C 3 
A6C4 
A5 C 5 
A4C6 
A3 C 7 
A2 C 8 

A1 (l9 
AO CIO 19 
Q1 C 11 18 

Q 2 C 12 17pQ6 


Q3 C 1 3 18 

GND 


2 A13 
] A 8 
2 A9 
I] All 
22 H G 
21 2 A10 

2031 
•3 Q8 

13 Q7 


3 Q5 
3 04 


description 

The TMS27128 is an ultraviolet light-erasable, elec¬ 
trically programmable read-only memory. It has 
131,072 bits organized as 16,384 words of 8-bit 
length. The TMS27128 only requires a single 5-volt 
power supply. The TMS27128-25 provides an access 
time of 250 ns, which is compatible with high-speed 
microprocessors. 



PIN NDMENCLATURE 

A0-A13 

Addresses 

E 

Chip Enable/Power Down 

G 

Dutput Enable 

GND 

Ground 

PGM 

Program 

Q1-Q8 

Dutputs 

Vcc 

-i-5-V Power Supply 

Vpp 

+ 21-V Power Supply 


The TI\/IS27128 provides two output control lines: Output Enable (G) and Chip Enable/Power Down (E), This feature 
allows the G control line to eliminate bus contention in microprocessor systems. The TMS27128 has a standby mode 
that reduces the maximum power dissipation from 525 mW to 210 mW when the device is placed on standby. 


6 


This EPROM is supplied in a 28-pin dual-in-line ceramic package (JL suffix). It is pin compatible with the TMS2764 
EPROM and is designed for operation from 0°C to 70°C. 


operation 

The six modes of operation for the TMs27128 are listed in the following table. 


FUNCTIDN 

(PINS) 

MDDE 

Read 

Dutput 

Disable 

Power Down 

(Standby) . 

Fast 

Programming 

Program 

Verification 

Inhibit 

Programming 

E 

(20) 

V|L 

X 

V|H 

V|L 

V|L 

V|H 

G 

(22) 

VlL 

V|H 

X 

V|H 

V|L 

X 

PGM 

(27) 

V|H 

V|H 

X 

V|L 

V|H 

X 

Vpp 

(1) 

Vcc 

Vcc 

Vcc 

Vpp 

Vpp 

X 

Vcc 

(28) 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

Q1-Q8 

(11 to 13, 

15 to 19) 

Q 

Hl-Z 

Hl-Z 

D 

0 

, Hl-Z 


X = V|L or V|H 


PRODUCT PREVIEW 

This document contains information on a product under 
development. Texas Instruments reserves the right to 
change or discontinue this product without notice. 


Copyright © 1983 by Texas Instruments Incorporated 
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read 

The dual control pins (E and G) must have low-level TTL signals in order to provide data at the outputs. Chip enable 
(E) should be used for device selection. Output enable (G) should be used to gate data to the output pins. 

power down 

The power-down mode reduces the maximum active current from 100 mA to 40 mA. A TTL high-level signal applied 
to E selects the power-down mode. In this mode, the outputs assume a high-impedance state, independent of G. 

erasure 

Before programming, the TMS27128 is erased by exposing the chip to shortwave ultraviolet light that has a wavelength 
of 253.7 nanometers (2537 angstroms). The recommended minimum exposure dose (UV intensity x exposure time) 
is fifteen watt-seconds per square centimeter. A typical 12 mW/cm^ UV lamp will erase the device in approximately 
20 minutes. The lamp should be located about 2.5 centimeters (1 inch) above the chip during erasure. After erasure, 
all bits are at a high level. It should be noted that normal ambient light contains the correct wavelength for erasure. 
Therefore, when using the TMS27128, the window should be covered with an opaque label. 

fast programming 

Note that the application of a voltage in excess of 22 V to Vpp may damage the TMS27128. 

After erasure, logic "O's" are programmed into the desired locations. Programming consists of the following sequence 
of events. With the level on Vpp equal to 21 V and E at TTL low, data to be programmed is applied in parallel to 
output pins Q8-Q1. The location to be programmed is addressed. Once data and addresses are stable, a TTL low-level 
pulse is applied to PGM. Programming pulses must be applied at each location that is to be programmed. Locations 
may be programmed in any order. 

Programming uses two types of programming pulse: Prime and Final. The length of the Prime pulse is 1 millisecond; 
this pulse is applied X times. After each application the byte being programmed is verified. If the correct data is read, 
the Final programming pulse is then applied, if correct data is not read, a further 1 millisecond programming pulse 
is applied up to a maximum X of 15. The Final programming pulse is 4X milliseconds long. This sequence of program¬ 
ming pulses and byte verification is done at Vqc = 6.0 V and Vpp = 21.0 V. When the full fast programming routine 
is complete, all bits are verified with V^c = Vpp = 5 V. A flowchart of the fast programming routine is shown in 
Figure 1. 

multiple device programming 

Several TMS27128's can be programmed simultaneously by connecting them in parallel and following the program¬ 
ming sequence previously described. 

program inhibit 

The program inhibit is useful when programming multiple TMS27128’s connected in parallel with different data. Pro¬ 
gram inhibit can be implemented by applying a high-level signal to E or PGM of the device that is not to be programmed. 
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logic symbol t 


6 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

A10 

All 

A12 

A13 


( 10 ) 


(9) 

(8) 

(7) 

(6) 

(5) 

(4) 

(3) 

(25) 

(24) 

(21) 

(23) 

(2) 

(26) 

(20) ^ 

L. 

(22) 


EPROM 16384 X 8 
0 ‘ 


AV 

AV 

Av 

AV| 

AV 

AV 

Av' 

Av' 


>A 


0 

16383 


13 

[PWR OWN] 

I 

EN 


( 11 ) 


( 12 ) 

(13) 

(15) 

(16) 

(17) 

(18) 
(19) 


Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 


'^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by iEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted}^ 


Supply voltage, Vcc .......... 

Supply voltage, Vpp . 

All input voltage . 

Output voltage . 

Operating free-air temperature range 
Storage temperature range . 


-0.6 V to 7 V 
-0.6 V to 22 V 
-0.6 V to 7 V 
-0.6 V to 7 V 
0°Cto70°C 
-65°C to 150°C 


^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
IS not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


PARAMETER 

TMS27128 

UNIT 

MIN NOM MAX 

Supply voltage, Vqq 

4.75 5 5.25 

V 

Supply voltage, Vpp 

Vcc 

V 

High-level input voltage, V|h 

2 Vcc+1 

V 

Low-level input voltage, V|l (see Note 1) 

-0.1 0.8 

V 

Operating free-air temperature, 

o 

o 

°c 


NOTE 1; The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 
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TMS27128 

131.072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


electrical characteristics over full ranges of recommended operating conditions 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ MAX 

UNIT 

VOH 

High-level output voltage 

IqH = -400 pA 

2.4 

V 

VOL 

Low-level output voltage 

Iql = 2.1 mA 

0.45 

V 

l| 

Input current (leakage) 

V| = 0 V to 5.25 V 

±10 

ftA 

lo 

Output current (leakage) 

Vo = 0.4 V to 5.25 V 

±10 

ftA 

IPPI 

Vpp supply current (read) 

Vpp = 5.25 V 

5 

mA 

lpP2 

Vpp supply current (program) 

E and PGM at V|l 

50 

mA 

'cci 

Vcc supply current (standby) 

E at V|H 

40 

mA 

>CC2 

Vcc supply current (active) 

E and G at Vjl 

100 

mA 


^ Typical values are at T/^ = 25°C and nominal voltages. 


capacitance over recommended supply voltage range and operating free-air temperature range, f = 1 MHz 


1 PARAMETER | 

TEST CONDITIONS 

MIN TYpt 

MAX 

UNIT 

Ci 

Input capacitance 

V| = 0 V 

4 

6 

pF 

Co 

Output capacitance 

Vo = 0 V 

8 

12 

pF 


^ Typical values are at T/^ = 25 °C and nominal voltages. 


switching characteristics over recommended supply voltage range and operating free-air temperature range, 
C[, = 100 pF, 1 Series 74 TTL load (see note 2 and figure 2) 


PARAMETER 

TMS27128-25 

TMS27128-30 

TMS27128-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

■^alA) Access time from address 

250 

300 

450 

ns 

ta(E) Access time from E 

250 

300 

450 

ns 

ten(G) Output enable time from G 

100 

120 

150 

ns 

tdis(G)^ Output disable time from G 

o 

O) 

o 

0 105 

0 130 

ns 

Output data valid time after change of address, 

E, or G, whichever occurs first 

0 

0 

0 

ns 


NOTE 2; For switching characteristics and timing measurements, input timing reference levels are 0.8 V and 2 V; output timing reference levels are 0.8 V 
and 2 V. _ _ 

* Value calculated from 0.5 volt delta to measured output level; tjjijjQ) is specified from G or E, whichever occurs first. Refer to read cycle timing diagram. 

recommended conditions for fast programming routine, T/^ - 25 °C (see note 2 and fast programming 
cycle timing diagram) 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

vcc 

Supply voltage (see Note 3) 

5.75 

6 

6.25 

V 

Vpp 

Supply voltage (see Note 4) 

20.5 

21 

21.5 

V 

fw(IPGM) 

PGM initial program pulse duration (see Note 5) 

0.95 

1 

1.05 

ms 

Iw(FPGM) 

PGM final pulse duration (see Note 6) 

3.8 


63 

ms 

fsu(A) 

Address setup time 

2 

flS 

fsu(D) 

Data setup time 

2 

f,S 

tsu(VPP) 

Vpp setup time 

2 

fiS 

fsu(VCC) 

Vcc setup time 

2 

US 

th(A) 

Address hold time 

0 

Its 

th(D) 

Data hold time 

2 

Its 

tsu(E) 

E setup time 

2 

Its 

lsu(G) 

G setup time 

2 

Its 
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TMS27128 

131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


fast programming characteristics, Ta = 25 °C (see note 2 and fast programming cycle timing diagram) 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ MAX 1 

UNIT 

1dis(G)FP Output disable time from G (see Note 7) 

Cl = 100 pF 

1 Series 74 TTL load 

0 130 

ns 

len(G)FP Output enable time from S 

150 


NOTES: 


2. For all switching characteristics and timing measurements, input timing reference levels are 0.8 V and 2 V; output timing reference levels are 
0.8 V and 2 V. 

3. Vqq must be applied simuitaneousiy or before Vpp and removed simultaneousiy or after Vpp. 

4. When programming the TMS27128, connect a 0.1 /iF capacitor between Vpp and GND to suppress spurious voltage transients which may 
damage the device. 

5. The Initial program pulse duration tolerance is 1 ms ± 5%. 

6. The iength of the Final pulse will vary from 3.8 ms to 63 ms depending on the number of Initiai pulse applications (X). 

7. This parameter is oniy sampled and is not 100% tested. 


PARAMETER MEASUREMENT INFORMATION 


V = 2.09 V 


OUTPUT 
UNDER TEST 


Rl = 780 0 


Cl = 100 pF 


6 


NOTE: tf s 20 ns and t, s 20 ns. 

FIGURE 2 - TYPICAL OUTPUT LOAD CIRCUIT 


read cycle timing 
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131,072-BIT ERASABLE PROGRAMMABLE READ-ONLY MEMORY 


fast program cycle timing 



—*su(A) —#j 


DATA IN STABLE 


— 'su(D )—P 




Texas Instruments reserves the right to make changes at any time in order to Improve design and to supply the best product possible. 
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ROM Devices 


> 

ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum¬ 
rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either suppiy voltage or ground. 

Additional information concerning the handling of ESD sensitive devices is 
available from Texas Instruments in a document entitled "Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies. ” 

Please contact 

Texas Instruments 
P.O. Box 401560 
Dallas, Texas 75240 

to obtain this brochure. 



MOS 

LSI 


• 8192 X 8 Organization 

• Partitioned into Two 4K X 8 Banks 

• Fuliy Static (No Ciocks, No Refresh) 

• Aii Inputs and Outputs TTL Compatibie 

• Singie 5-V Power Suppiy 

• Two Chip-Seiects for Flexibiiity and Power- 
Down Option 

• Maximum Access Time from Address 
. . . 450 ns 

• Typical Active Power Dissipation 
... 275 mW 


• Avaiiabie in Chip-on-Board Package Also 


TMS4664 

8ig2-W0RD BY 8 BIT READ-ONLY MEMORY 

JUNE 1983 - REVISED OCTOBER 1983 


TMS4664 . . . NL PACKAGE 
(TOP VIEW) 


A0( 

Q1[ 


1 

Oil 

2 

23 

3 

22 

4 

21 

5 

20 

6 

19 

7 

18 

8 

17 

9 

16 

10 

15 

11 

14 

12 

13 


VCC 


PIN NOMENCLATURE 

AO - A11 

Addresses 

Q1 - Q8 

Data Out 

S1/S1, S2/S2 

Chip Selects 

Vcc 

-F5-V Supply 

vss 

Ground 


description 

The TMS4664 is a 65,536-bit read-only memory organized as 8192 words of 8-bit length. The array is partitioned 
into two 4096-words of 8-bit length banks. This makes the TMS4664 ideal for microprocessor based systems. The 
device is fabricated using N-channel silicon-gate technology for high speed and simple interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor. Each output 
can drive two Series 74 or 74S loads without external resistors. The data outputs are three-state for OR-tieing multi¬ 
ple devices on a common bus. Two chip-select controls allow data to be read. These controls are programmable, pro¬ 
viding additional system decode flexibility. The data is always available, it is not dependent on external clocking of 
the control pins. 

The TMS4664 is designed for high-density fixed-memory consumer applications. 



This ROM is supplied in a 24-pin dual-in-line plastic (NL suffix) package designed for insertion in mounting-hole rows 
on 600-mil centers. It is also available in the chip-on-board package. The device is designed for operation from 0°C 
to70°C. 


operation 

address (A0-A11) 

The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to 
select one of 8192 words of 8-bit length in the memory array. AO is the least-significant bit and All the most-significant 
bit of the word address. Additionally each bank of the array is activated by a particular address. Address FF8 will 
allow entry and access to the low order bank and FF9 will allow entry and access to the high order bank. After a 
set of A12 (FF9 or FF8), a normal read cycle must be completed before another set is performed. 

All address changes must be made within 30 ns of when the first address changes to prevent address skewing, 
chip select/output enable (pins 20 and 21) 

Each of these pins can be programmed during mask fabrication to be active with either a high or a low level input. 
When both signals are active, all eight outputs are enabled and the eight-bit addressed word can be read. When either 
signal is not active, all eight outputs are in a high-impedance state. 
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TMS4664 

8192-WORD BY 8-BIT READ-ONLY MEMORY 


data out (Q1-Q8) 

The eight outputs must be enabled by both pins 20 and 21 before the output word can be read. Data will remain 
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state out¬ 
puts are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant. 

The outputs will drive two Series 54/74 TTL circuits without external components. 


functional block diagram 


- -Vcc 



--Vss 

DATA OUTPUTS 
01-08 



absolute maximum ratings 


Supply voltage to ground potential (see Note 1) -0.5 V to 7 V 

Applied output voltage (see Note 1) -0.5 V to 7 V 

Applied input voltage (see Note 1) -0.5 V to 7 V 

Power dissipation . 500 mW 

Operating free-air temperature . 0°Cto70°C 

Storage temperature . -55°Cto150°C 


NOTE 1: Voltage values are with respect to Vss- 


recommended operating conditions 


PARAMETER 

MIN 

NOM MAX 

UNIT 

Supply voltage, Vcc 

4.5 

5 5.5 

V 

High-level input voltage, V|(-| 

2 

Vcc + 1 

V 

Low-level input voltage, V|l 

-0.5 

0.8 

V 

Operating free-air temperature, Ta 

0 

70 

°c 
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TMS4664 

BigZ-WORD BY 8-BIT READ-ONLY MEMORY 


electrical characteristics, Ta = 0°C to 70 °C, Vcc = 5 V ±10% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

VqH 

High-level output voltage 

Vcc =4.5 V, 

10H~ “400 fiA 

2.4 

V 

VqL 

Low-level output voltage 

Vcc = 4.5 V, 

I0L = 3'2 mA 

0.4 

V 

'I 

Input current 

Vcc = 5.5 V, 

0\/<V|m<5.5 V 

10 

aA 

■o 

Output leakage current 

Vo = 0.4 V to Vcc- 

Chip deselected 

±10 

(iA 

'cci 

Supply current from Vqc (active) 

Vcc = 5.5 V, 

V| = Vcc output not loaded 

80 

mA 


Input capacitance 

Vo = 0 V, 
f = 1 MHz 

Ta = 25‘>C, 

6 

PF 

Cq 

Output capacitance 

Vo = 0 V, 
f = 1 MHz 

Ta = 25°C, 

12 

PF 


switching characteristics, Ta = 0°C to 70 °C, Vcc = 5 V ±10%, 2 series 74 TTL loads. Cl = 100 


1 PARAMETER | 

MIN MAX 

UNIT 

<a(A) 

Access time from address^ 

450 

ns 

ta(S) 

Access time from chip select* 

200 

ns 

^v(A) 

Output data valid after address change 

20 

ns 

^dis 

Output disable time from chip select 

150 

ns 


^All AC measurements are made at 10% and 90% points 
^Access time from page select is double normal access time. 

NOTE 1: All address changes must be made within 30 ns of when the first address changes to prevent address skewing. 

read cycle timing 



PROGRAIVIMING DATA 

PROGRAMMING REQUIREMENTS: The TMS4664 NL is a fixed program memory in which the programming is performed 
by Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 8192 8-bit words with address locations numbered 0 to 8191. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A11 is the most significant. 

The input media containing the programming data can be in the form of cards or EPROMs. 

Either 16K, 32K, or 64K EPROMs can be used or any combination of them. 

The following is a description of how the cards must be formatted, should they be used instead of EPROMs. 
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TMS4664 

8ig2-W0RD BY 8 BIT READ-ONLY MEMORY 


INPUT CARD FORMAT 

Each code deck submitted by customer shall consist of the following; 

1. Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the following format: 



Card Column 
1 - 5 
6 

7, 8 
9-14 


15 

16-30 

31 

32 


33 - 36 
37 


38 - 40 
41 


42 


43 

44 

45 - 49 


TITLE CARD 

Information 

The word 'TITLE' shall be punched in these columns. 

Blank 

The letters 'ZA' shall be punched in these columns. 

Leave blank. A special device code number will be assigned by Texas Instruments, 
(left justified) 

Blank 

Customer's Part Number, if required, (left justified) 

Blank 

Customer's Part Number to be included as part of device symbolization. 

Options: 

Y = Yes 
N = No 

Blank 

Type of Package 
Options: 

B = Chip on board 
P = Plastic 

Blank 

Logic Level for device pin 20. 

Options: 

1 = chip select mode, outputs enabled with high level. 

0 = chip select mode, outputs enabled with low level. 

Logic Level for device pin 21. 

Options: 

1 = chip select mode, outputs enabled with high level. 

0 = chip select mode, outputs enabled with low level. 

Blank. 

Blank. 

Texas Instruments Device Series (4664, etc.) 

(left justified) 
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TMS4664 

8ig2-W0RD BY 8-BIT READ-ONLY MEMORY 


COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows: The Letter 'C' (for comment) must be pun¬ 
ched in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-80. 

START OF DATA CARD 


This card is to identify that the next card will be the beginning of customer's code. Format is as follows: Columns 1-4 
must have '&ROM' punched in them. The remainder of card is blank. 

DATA CARDS 


There will be 256 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory 
locations. Each data card shall be in the following format: 

Card Column Information 


1-4 Hexadecimal address of first word on the card, four bits in length. 


5, 6 
7-70 

71, 72 


73 - 76 
77-80 


Blank. 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a 
hexadecimal value of '00' to 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record 
from columns 1 to 70, evaluate modulo 256 (carry from high order bit ignored). For 
purposes of calculating the checksum, the value of columns 5 and 6 are defined to 
be zero. Adding together, modulo 256, all 8-bit bytes from columns 1 to 70 (col¬ 
umns 5 and 6 = 0), then adding the checksum, results in zero. 

Blank. 

Card sequence number, in decimal. 

(right justified). 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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4096 X 8 Organization 

All Inputs and Outputs TTL Compatible 

Fully Static (No Clocks, No Refresh) 

Single 5-V Power Supply 

Maximum Access Time From Address: 


TMS4732-30 300 ns 

TMS4732-35 350 ns 

TMS4732-45 450 ns 


O Typical Power Dissipation . . . 275 mW 

• 3-State Outputs for OR-Ties 

o Pin-Compatible with TMS2532 EPROM 

o Two Output Enable Controls for Chip Select 
Flexibility 


TMS4732 

40g6-W0RD BY 8 BIT READ-ONLY MEMORY 

MAY 1977 - REVISED JULY 1983 


TMS4732 . . . JL OR NL PACKAGE 
(TOP VIEW) 


A7 

a 

1 

U24 

Dvcc 

A6 

c 

2 

23 

^AS 

A5 

c 

3 

22 

3a9 

A4 

i: 

4 

21 

2 S2/S2 

A3 

c 

5 

20 

3 SI/SI 

A2 

c 

6 

19 

3aio 

A1 

c 

7 

18 

3aii 

AO 

i: 

8 

17 

^Q8 

Q1 

: 

9 

16 

:q7 

Q2 

c 

10 

15 

]]Q6 

Q3 

E 

1 1 

14 

I]Q5 

vss 

q 

12 

13 

3Q4 


[ PIN NOMENCLATURE | 

AO - All 

Addresses 

Q1 - Q8 

Data Out 

SI/SI, S2/S2 

Chip Selects 

vcc 

+ 5-V Supply 

Vss 

Ground 


description 

The TMS4732 is a 32,768-bit read-only memory organized as 4096 words of 8-bit length. This makes the TMS4732 
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high 
speed and simple interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL circuits without the use of any internal pull-up resistor. Each output 
can drive one Series 74 or 74S load without external resistors. The data outputs are three-state for OR-tieing multi¬ 
ple devices on a common bus. Two chip-select controls allow data to be read. These controls are programmable, pro¬ 
viding additional system decode flexibility. The data is always available, it is not dependent on external clocking of 
the control pins. 



The TMS4732 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. The part is pin compatible with the TMS2532 4096 x 8 EPROM, which aids in prototyping and 
code verification. 

This ROM is supplied in 24-pin dual-in-line-plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600-mil centers or chip on board. The device is designed for operation from 0°C to 70°C. 


operation 

address (AO - All) 

The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to 
select one of 4096 words of 8-bit length in the memory array. AO is the least-significant bit and All the most-significant 
bit of the word address. 

chip select/output enable (pins 20 and 21) 

Each of these pins can be programmed during mask fabrication to be active with either a high- or a low-level input. 
When both signals are active, all eight outputs are enabled and the eight-bit addressed word can be read. When either 
signal is not active, all eight outputs are in a high-impedance state. 


Texas 

Instruments 


Copyright © 1983 by Texas Instruments Incorporated 


7-7 


POST OFFICE BOX 226012 • DALLAS, TEXAS 75265 


ROM Devices 





ROM Devices 


TMS4732 

4096-WORD BY 8-BIT READ-ONLY MEMORY 


data out (Q1 - Q8) 

The eight outputs must be enabled by pins 20 and 21 before the output word can be read. Data will remain valid 
until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs 
are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit. 

The outputs will drive two Series 54/74 TTL circuits without external components, 
logic symbol^ 




5, 


( 21 ), 

S2 ^ 




& 

EN 


Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 


Pins 20 and 21 can be active-high as shown in the upper symbol or active- 
low as shown In the lower (partial) symbol. 


^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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functional block diagram 



DATA OUTPUTS 
Q1-Q8 



absolute maximum ratings 

Supply voltage to ground potential (see Note 1) . -0.5 V to 7 V 

Applied output voltage (see Note 1). -0,5 V to 7 V 

Applied input voltage (see Note 1) . -0.5 V to 7 V 

Power dissipation.. 500 mW 

Operating free-air temperature. 0°C to 70°C 

Storage temperature. -55°Cto150°C 


NOTE 1: Voltage values are with respect to V5S. 



recommended operating conditions 


PARAMETER 

MIN 

NOM 

MAX 


Supply voltage, Vcc 

4.5 

5 

5.5 

V 

High-level input voltage, Vm 

2 

BQ 


V 

Low-level input voltage, V|l 

-0.5 


0.8 

V 

Operating free-air temperature, 

0 


70 

°C 
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4096-WORD BY 8-BIT READ-ONLY MEMORY 


electrical characteristics, Ta = 0°C to 70“C, Vcc = 5 V ±10% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 


Vqh 

High-level output voltage 

Vcc = 4.5 V, 

Iqh = -400 liA 

2.4 

HH 

VoL 

Low-level output voltage 

Vcc = 4.5 V, 

I0L = 3.2 rnA 

0.4 

HBI 

l| 

Input current 

Vcc = 5.5 V, 

OV<V|n<5.5 V 

10 


'o 

Output leakage current 

Vq =0.4 V to Vcc, 

Chip deselected 

±10 


'cci 

Supply current from Vcc (active) 

Vcc = 5.5 V, 

V| = Vcc output not loaded 

80 



Input capacitance 

Vo = 0 V, 
f = 1 MHz 

Ta = 25“C, 

6 

pF 

Co 

Output capacitance 

Vo=0 V, 
f=1 MHz 

Ta = 25°C, 

12 

pF 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V ±10%, 2 series 74 TTL loads, Cl = 100 pF'l’ 
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PROGRAMMING DATA 

PROGRAMMING REQUIREMENTS: The TMS4732 is a fixed program memory in which the programming is performed by 
Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 4096 8-bit words with address locations numbered 0 to 4095. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding, all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is the least significant bit and A11 is the most significant. 

The input media containing the programming data can be in the form of cards or EPROMs. 

Either 16K, 32K, or 64K EPROMs can be used, or any combination of them. 

The following is a description of how the cards must be formatted, should they be used instead of EPROMS. 

INPUT CARD FORMAT 

Each code deck submitted by customer shall consist of the following: 

1. Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the following format: 

TITLE CARD 


Card Column 


Information 


1 - 5 
6 

7, 8 
9-14 

15 

16-30 

31 

32 


33 - 36 
37 


38 - 40 


The word 'TITLE' shall be punched in these columns. 

Blank 

The letters 'ZA' shall be punched in these columns. 

Leave blank. A special device code number will be assigned by Texas Instruments, 
(left justified) 

Blank 

Customer's Part Number, if required, (left justified) 

Blank 

Customer's Part Number to be included as part of device symbolization. 

Options: 

Y = Yes 
N = No 
Blank 

Type of Package 
Options: 

C = ceramic 
P = plastic 
B = chip on board 
Blank 
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41 


42 


43 

44 

45 - 49 


Logic Level for device pin 20. 

Options: 

1 = chip-select mode outputs enabled with high level. 
0 = chip-select mode, outputs enabled with low level. 

Logic Level for device pin 21 
Options; 

1 = chip-select mode outputs enabled with high level. 
0 = chip-select mode, outputs enabled with low level. 

Blank 

Blank 

Texas Instruments Device Series (4732B, 4732C, etc.) 
(left justified) 


COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows: The letter 'C' (for comment) must be punch¬ 
ed in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-80. 

START OF DATA CARD 

This card is to identify that the next card will be in the beginning of customer's code. Format is as follows: Columns 1-4 
must have '&ROM' punched in them. The remainder of card is blank. 

DATA CARDS 

There will be 128 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory 
locations. Each data card shall be in the following format: 


Card Column 

information 

1 - 3 

Hexadecimal address of first word on the card, four bits in length. 

4 

Blank 

5-68 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a hexadecimal 
value of '00' to 'FF'. 

69 - 70 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from col¬ 
umns 1 to 68, evaluate modulo 256 (carry from high order bit ignored). For purposes of 
calculating the checksum, the value of column 4 is defined as zero. Adding together, modulo 
256, all 8-blt bytes from columns 1 to 68 (column 4 = 0), then adding the checksum, results 
in zero. 

EXAMPLE JCL DECK TO RUN GATE PLACEMENT 

// CIC JOB CARD 

// EXEC GATEPLM, DEV = TM4732A, DOMTAPE = volume serial number 

Input Cards i 

H The input card to PFP is;//PFP DD DSN =&&PFPIN, DISP = OLD 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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• 8192 X 8 Organization 

• Fully Static (No Clocks, No Refresh) 

o All Inputs and Outputs TTL Compatible 

• Single 5-V Power Supply 

• Maximum Access Time From Address: 

TMS4764-30 300 ns 

TMS4764-35 350 ns 

TMS4764-45 450 ns 

• Typical Active Power Dissipation 
... 275 mW 


JUNE 1981 - REVISED JULY 1983 


TMS4764 . . 

. JL 

OR NL PACKAGE 

(TOP VIEW) 

A7C 

|l '^24! 

I]vcc 

A6[;; 

2 

23 

^AS 

asQ 

3 

22 

^A9 

A4Q 

4 

21 

]A12 

A3C 

5 

20 

Ds/s 

A2C 

6 

19 

^AIO 

AlC 

7 

18 

I]aii 

aoQ 

8 

17 

]Q8 

QIC 

9 

16 

:Q7 

Q2C 

10 

15 

I]Q6 

Q3C 

11 

14 

^05 

vssC 

12 

13 

I]Q4 


1 PIN NOMENCLATURE | 

AO - 

A12 

Addresses 

Q1 - 

Q8 

Data Out 

S/S 


Chip Select 

vcc 


-F5-V Supply 

Vss 


Ground 


description 


The TMS4764 is a 65,536-bit read-only memory organized as 8192 words of 8-bit length. This makes the TMS4764 
ideal for microprocessor based systems. The device is fabricated using N-channel silicon-gate technology for high 
speed and simple interface with bipolar circuits. 

All inputs can be driven directly by Series 74 TTL circuits without the use of any internal pull-up resistor. Each output 
can drive two Series 74 or 74S loads without external resistors. The data outputs are three-state for OR-tieing multi¬ 
ple devices on a common bus. Pin 20 is programmable, providing additional system flexibility. The data is always 
available, it is not dependent on external clocking of pin 20. 



The TMS4764 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with Tl's full line of ROMs and EPROMs. 

This ROM is supplied in 24-pin dual-in-line-plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600-mil centers or chip on board. The device is designed for operation from 0“C to 70°C. 

operation 

address (AO - A12) 

The address-valid interval determines the device cycle time. The 13-bit positive-logic address is decoded on-chip to 
select one of 8192 words of 8-bit length in the memory array. AO is the least-significant bit and A12 the most-significant 
bit of the word address. 


chip select (S or S) 

Pin 20 can be programmed during mask fabrication to be active with either a high- or a low-level input. When the 
signal is active, all eight outputs are enabled and the eight-bit addressed word can be read. When the signal is not 
active, all eight outputs are in a high-impedance state. 
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data out (Q1 -Q8) 

The eight outputs must be enabled by pin 20 before the output word can be read. Data will remain valid until the 
address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs are in a high- 
impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit. 

The outputs will drive two Series 54/74 TTL circuits without external components. 

logic symbol^ 



AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

S 


(8) 

(7) 

(6) 

0 

ROM 

8192x8 

(9) 

(5) 


AV 


(10) 

(4) 


AV 


(11) 

(3) 


AV 



(2) 


AV 




(1) 





^8191^^ 

AV 

(15) 

(23) 



(16) 

, (22) 


AV 


(17) 

(19) 


AV 

(18) 

(21) 

12 



(20) 

J 

EIM 




Q1 

Q2 

Q3 

Q4 

Q5 

Q6 

Q7 

Q8 



Pin 20 can be active-high as shown In the upper symbol or active-low as 
shown in the lower (partiaO symbol. 


'^This symbol is in accordance with IEEE Std 91/ANS] Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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absolute maximum ratings 

Supply voltage to ground potential (see Note 1) 

Applied output voltage (see Note 1). 

Applied input voltage (see Note 1). 

Power dissipation. 

Operating free-air temperature. 

Storage temperature. 

NOTE 1: Voltage values are with respect to Vss- 


. -0.5 V to 7 V 
. -0.5 V to 7 V 
. -0.5 V to 7 V 

. 500 mW 

, . . 0°C to 70°C 
-55°C to 150°C 


recommended operating conditions 


PARAMETER 

MIN 

NOM MAX 

UNIT 

Supply voltage, V^c 

4.5 

5 5.5 

V 

High-level input voitage, Vm 

2 

Vcc + 1 

V 

Low-ievel input voitage, V|l 

-0.5 

0.8 

V 

Operating free-air temperature, 

0 

70 

°c 
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electrical characteristics, Ta = 0°C to 70“C, Vcc = 5 V ±10% (uniess otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

MiiJim 

VOH 

High-level output voltage 

Vcc =4.5 V, 

IOH= -400 fiA 

2.4 

V 

VOL 

Low-level output voltage 

Vcc = 4.5 V, 

Iol = 3.2 mA 

0.4 

V 

h 

Input current 

Vcc = 5.5 V, 

OV<V|n<5.5 V 

10 


'0 

Output leakage current 

Vo=0.4 V to Vcc. 

Chip deseiected 

±10 


Icci 

Supply current from Vcc (active) 

Vcc = 5.5 V, 

V|=Vcc output not loaded 

80 


a 

Input capacitance 

Vo=0 V, 
f = 1 MHz 

Ta = 25°C, 

6 

PF 

m 

Output capacitance 

Vo = 0 V, 
f=1 MHz 

Ta = 250C, 

12 

PF 


switching characteristics, Ta = 0°C to 70 °C, Vcc = 5 V ±10%, 2 series 74 TTL ioads. Cl = 100 ppt 
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8192 W0RD BY 8-BIT READ-ONLY MEMORY 


PROGRAMMING DATA 

PROGRAMMING REQUIREMENTS: The TMS4764 is a fixed program memory in which the programming is performed by 
Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 8192 8-bit words with address locations numbered 0 to 8191. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding, all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A12 is the most significant. 

The input media containing the programming data can be in the form of cards or EPROMs. 

Either 16K, 32K, or 64K EPROMs can be used, or any combination of them. 

The following is a description of how the cards must be formatted, should they be used instead of EPROMS. 

PROGRAMMING INSTRUCTIONS - 64K ROM 

Each code deck submitted by customer shall consist of the following; 

1. Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the following format: 

TITLE CARD 

Card Column 
1 - 5 

6 

7, 8 
9-14 

15 

16 - 30 

31 

32 Customer's Part Number to be included as part of device symbolization. 

Options; 

Y = Yes 
N = No 

33 - 36 Blank 

37 Type of Package 

Options: 

C = ceramic 
P = plastic 
B = chip on board 

38 - 40 Blank 


Information 

The word 'TITLE' shall be punched in these columns. 

Blank 

The letters 'ZA' shall be punched in these columns. 

Leave blank. A special device code number will be assigned by Texas Instruments, 
(left justified) 

Blank 

Customer's Part Number, if required, (left justified) 

Blank 
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41 Logic Level for pin 20 on 24-pin package. 

Options: 

1 = chip-select mode outputs enabled with high level. 

0 = chip-select mode, outputs enabled with low level. 

42 - 44 Blank 

45 - 49 Texas Instruments Device Series (ie. 4764B, 4764C, etc.) 

(left justified) 

COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows; The letter 'C' (for comment) must be punch¬ 
ed in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-80. 

START OF DATA CARD 

This card is to identify that the next card will be in the beginning of customer's code. Format is as follows: Columns 1-4 
must have '&ROM' punched in them. The remainder of card is blank. 

DATA CARDS 

There will be 256 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory 
locations. Each data card shall be in the following format: 

Information 

Hexadecimal address of first word on the card, four bits in length. 

Blank 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a hexadecimal 
value of '00' to 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from col¬ 
umns 1 to 70, evaluate modulo 256 (carry from high order bit ignored). For purposes of 
calculating the checksum, the value of columns 5 and 6 are defined to be zero. Adding together, 
modulo 256, all 8-bit bytes from columns 1 to 70 (columns 5 and 6 = 0), then adding the 
checksum, results in zero. 

Blank 

Card sequence number, in decimal. 

(right justified). 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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8192 X 8 Organization 
Partitioned into Eight IK X 8 Pages 
Fully Static (No Clocks, No Refresh) 

All Inputs and Outputs TTL Compatible 
Single 5-V Power Supply 

Two Chip-Selects for Flexibility and Power- 
Down Option 


• Maximum Access Time from Address 
. . . 450 ns 


• Typical Active Power Dissipation 
... 275 mW 


o Available in Chip-on-Board Package Also 


description 


, TMS4964 

8192-WORD BY 8-BIT READ-ONLY MEMORY 

JUNE 1983 - REVISED OCTOBER 1983 


TMS4964 . . . NL PACKAGE 
(TOP VIEW) 


A7i: 
A6 C 
A5 C 
A4 Q 
A3 C 

A2C 

AlC 
AO C 
Q1C 
Q2 C 
Q3 C 

VSS C 


1 *^24 2 

2 23 3 
22 3 
21 3 
20 3 
19: 
183 
173 
163 


10 15 3 

11 14 3 

12 _ ^3 


Vcc 

A8 

A9 

S2/S2 

S1/S1 

A10 

All 

Q8 

Q7 

Q6 

Q5 

Q4 


PIN NOMENCLATURE 

AO - All 

Addresses 

Q1 - Q8 

Data Out 

S1/S1, S2/S2 

Chip Selects 

vcc 

H-5-V Supply 

Vss 

Ground 


The TMS4964 is a 65,536-bit read-only memory organized as 8192 words of 8-bit length. The array is subdivided 
into eight 1024 bits x 8 pages. The device is fabricated using N-channel silicon-gate technology for high speed and 
simple interface with bipolar circuits. 


All inputs can be driven directly by Series 74 TTL circuits without the use of any external pull-up resistor. Each output 
can drive two Series 74 or 74S loads without external resistors. The data outputs are three-state for OR-tieing multi¬ 
ple devices on a common bus. Two chip-select controls allow data to be read. These controls are programmable, pro¬ 
viding additional system decode flexibility. The data is always available, it is not dependent on external clocking of 
the control pins. 

The TMS4964 is designed for high-density fixed-memory consumer applications. 



This ROM is supplied in a 24-pin dual-in-line plastic (NL suffix) package designed for insertion in mounting-hole rows 
on 600-mil centers. It is also available in the chip-on-board package. The device is designed for operation from 0°C 
to 70 °C. 


operation 

address (A0-A11) 


The address-valid interval determines the device cycle time. The 12-bit positive-logic address is decoded on-chip to 
select one of 8192 words of 8-bit length in the memory array. AO is the least-significant bit and A11 the most-significant 
bit of the word address. Additionally 24 addresses can generate traps which allow the selection of any 3 of 7 pages 
to be active at any point in time. The 8th page is always active. After a write to a pointer register, a normal read 
cycle must be completed before another write is performed. A normal read is an address outside of the range FEO to FE7. 

All address changes must be made within 30 ns of when the first address changes to prevent address skewing, 
chip select/output enable (pins 20 and 21) 

Each of these pins can be programmed during mask fabrication to be active with either a high or low level input. When 
both signals are active, all eight outputs are enabled and the eight-bit addressed word can be read. When either signal 
is not active, all eight outputs are in a high-impedance state. 


ADVANCE INFORMATION 

This document contains information on a new product. 
Specifications are subject to change without notice. 
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data out (Q1-Q8) 

The eight outputs must be enabled by both pins 20 and 21 before the output word can be read. Data will remain 
valid until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state out¬ 
puts are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit. 

The outputs will drive two Series 54/74 TTL circuits without external components. 

page operation 

The ROM is organized into 8Kx 8-bit bytes. Only 12 address bits or a maximum of 4K bytes may be accessed at 
one time. The 4K address space is segmented into four IK banks and memory is partitioned into eight IK pages. 
Bank 3 containing page 7 is always resident. Any three of the eight pages, 0 thru 7, are immediately accessable. 
The banks, which are defined by page pointers, are selected by address bits A3 and A4 (see Table 1). 


TABLE 1 


A4 

A3 

BANK 

ADDRESS RANGE 

L 

L 

0 

000 - 3FF 

L 

H 

1 

400 - 7FF 

H 

L 

2 

800 - BFF 

Resident 

3 

COO - FDF 


H = high level, L = low level 


The content of the page pointers is loaded with address bits A2, A1 and AO. Three different pages in the range 0 
thru 7 may be loaded one into each of the three pointers. Table 2 shows address/page pointer relationship. 



TABLE 2 


A2 

A1 

AO 

PAGE 

L 

L 

L 

0 

L 

L 

H 

1 

L 

H 

L 

2 

L 

H 

H 

3 

H 

L 

L 

4 

H 

L 

H 

5 

H 

H 

L 

6 

H 

H 

H 

7 


H = high level, L = low level 


The pointers are write-only locations; to load the pointers, A11 thru A05 are set to high logic levels. Then pointers 
are always loaded by the range of addresses shown in Table 3. 

TABLE 3 


POINTER 

ADDRESS RANGE 

0 

FEO to FE7 

1 

FEB to FEF 

2 

FFO to FF7 
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When an address outside the range FEO to FF7 is accessed, address bits A11 and A10 select pointer 0, 1 or 2 and 
the pointer content is mapped to the internal address bits A12, A11 and A10. When A10 and A11 are both high, 
page 7 is selected (see Table 4). Internal address bits A9 thru AO are the same as the external address bits A9 thru AO. 

TABLE 4 


All 

A10 

SELECTED 

L 

L 

Pointer 0 

L 

H 

Pointer 1 

H 

L 

Pointer 2 

H 

H 

Page 7 


H = high level, L = low level 

As an example, suppose it is desired to select the third 1K ROM page by addresses 400 thru 7FF. This address space 
is represented by pointer 1 because of the condition of A11 and A10. To write to pointer 1; bits A4, A3 = LH. The 
contents of the pointer is 3; bits A2, A1, AO = LHH. Therefore, location FEB is accessed. 


functional block diagram 


--Vcc 


--Vss 

DATA OUTPUTS 
01-08 
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absolute maximum ratings 

Supply voltage to ground potential (see Note 1) 

Applied output voltage (see Note 1). 

Applied input voltage (see Note 1) . 

Power dissipation. 

Operating free-air temperature. 

Storage temperature. 

Note 1; Voltage values are with respect to Vss 


. -0.5 V to 7 V 
. -0.5 V to 7 V 
. -0.5 V to 7 V 

. 500 mW 

. . . 0°C to 70°C 
-55°C to 150°C 


recommended operating conditions 


PARAMETER 

MIN 

NOM MAX 

QJJQI 

Supply voltage, Vcc 

4.5 

5 5.5 

V 

High-level input voltage, V|h 

2 

Vcc+ 1 

V 

Low-level input voltage, V|l 

-0.5 

0.8 

V 

Operating free-air temperature, T/^ 

0 

70 



electrical characteristics, Ta = 0°C to 70 °C, Vcc = 5 V ±10% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

IH71M 

VqH 

High-level output voltage 

Vcc = 4.5 V, 

lOH = —400 liA 

2.4 

V 

VOL 

Low-level output voltage 

Vcc = 4.5 V, 

Iol = 3-2 mA 

0.4 

V 

l| 

Input current 

Vcc = 5.5 V, 

OvsV|ns5.5 V 

10 


'o 

Output leakage current 

Vq = 0.4 V to VcC' 

Chip deselected 

±10 


'cci 

Supply current from Vcc (active) 

Vcc = 5.5 V. 

V| = Vcc output not loaded 

80 


Ci 

Input capacitance 

Vo=0 V, 
f=l MHz 

Ta = 25°C, 

6 

pF 

m 

Output capacitance 

Vo = 0 V, 
f=1 MHz 

Ta = 25°C, 

12 

pF 


switching characteristics, Ta = 0°C to 70 °C, Vcc = 5 V ±10%, 2 series 74 TTL loads. Cl = 100 pFt 


PARAMETER 

MIN MAX 

UNIT 

^a(A) 

Access time from address* 

450 

ns 

ta(S) 

Access time from chip select^ 

200 

ns 

tv(A) 

Output data valid after address change 

20 

ns 

Idis 

Output disable time from chip select 

150 

ns 


^All AC measurements are made at 10% and 90% points 
^Access time from page select Is double normal access time. 

NOTE 1: All address changes must be made within 30 ns of when the first address changes to prevent address skewing. 
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read cycle timing 


I I 



PROGRAMMING DATA 


PROGRAMMING REQUIREMENTS: The TMS4964NL is a fixed program memory in which the programming is performed 
by Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 8192 8-bit words with address locations numbered 0 to 8191. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A11 is the most significant. 

The input media containing the programming data can be in the form of cards or EPROMs. 

Either 16K, 32K, or 64K EPROMs can be used or any combination of them. 

The following is a description of how the cards must be formatted, should they be used instead of EPROMs. 



INPUT CARD FORMAT 

Each code deck submitted by customer shall consist of the following; 

1. Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the following format: 
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TITLE CARD 


Card Column 


Information 



1-5 The word 'TITLE' shall be punched in these columns. 

6 Blank 

7,8 The letters 'ZA' shall be punched in these columns. 

9-14 Leave blank. A special device code number will be assigned by Texas Instruments. 

(left justified) 

15 Blank 

16-30 Customer's Part Number, if required, (left justified) 

31 Blank 

32 Customer's Part Number to be included as part of device symbolization. 

Options: 

Y = Yes 
N = No 

33-36 Blank 

37 Type of Package 

Options: 

B = chip on board 
P = plastic 
38-40 Blank 

41 Logic Level for device pin 20. 

Options: 

1 = chip select mode, outputs enabled with high level. 

0 = chip select mode, outputs enabled with low level. 

42 Logic Level for device pin 21. 

Options: 

1 = chip select mode, outputs enabled with high level. 

0 = chip select mode, outputs enabled with low level. 

43 Blank. 

44 Blank. 

45-49 Texas Instruments Device Series (4964, etc.) 

(left justified) 
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COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows: The letter 'C' (for comment) must be punch¬ 
ed in column 1, columns 2-4 must be blank, and comments can be punched In columns 5-80. 

START OF DATA CARD 

This card is to identify that the next card will be the beginning of customer's code. Format is as follows: Columns 1 -4 must 
have '&ROM' punched in them. The remainder of card is blank. 

DATA CARDS 

There will be 256 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory 
locations. Each data card shall be in the following format: 

Card Column 

1-4 
5,6 
7-70 

71,72 


73-76 

77-80 


Information 

Hexadecimal address of first word on the card, four bits in length. 

Blank. 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a 
hexadecimal value of '00' to 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record 
from columns 1 to 70, evaluate modulo 256 (carry from high order bit ignored). For 
purposes of calculating the checksum, the value of columns 5 and'6 are defined to 
be zero. Adding together, modulo 256, all 8-bit bytes from columns 1 to 70 (col¬ 
umns 5 and 6 = 0), then adding the checksum, results in zero. 

Blank. 

Card sequence number, in decimal. 

(right justified). 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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16,384-WORD BY 8 BIT READ-ONLY MEMORY 

JUNE 1983 


• 16,384 X 8 Organization 

• Fuiiy Static (No Ciocks, No Refresh) 

• Ali Inputs and Outputs TTL Compatible 

• Single 5-V Power Supply 

• Optional Power Down or Chip Select 

• 64K Bank Select Option 

• Maximum Access Time from Address or 
Power Down: 

TMS47128-25 250 ns 

TMS47128-35 350 ns 

TMS47128-45 450 ns 

• Worst Case Active Power Dissipation 
... 330 mW 

• Worst Case Standby Power Dissipation 
. . . 66 mW 


TMS47128 . . . JL OR NL PACKAGEt 
STANDARD ROM 
(TOP VIEW) 

NC 
A12 
A7 
A6 
A5 
, A4 
A3 
A2 
A1 
AO 
Q1 
Q2 
Q3 

Vss 


pi '^28 
C2 
C3 
[14 
115 
C6 
117 
C8 

Us 
r 10 19 

Qll 18 
[[12 17 

[[13 16 

[[14_ 




3P 


ip ycc 

S2/S2 
P A13 
A8 

Da9 

All 

D S1/S1 
D A10 
D E/E/S3/S3 
D Q8 
D Q7 
3 Q6 
3 Q5 

3 Q4 


1 Ths package for the bank select ROM is shown on page 2. 


description 

The TMS47128 is a 131,072-bit read-only memory 
organized as 16,384 words of 8-bit length. This makes 
the TMS47128 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple in¬ 
terface with bipolar circuits. 

There are two versions of the TMS47128: the stan¬ 
dard ROM with options on chip selects and power 
down, and the bank select ROM with similar options. 
The operation section of this data sheet describes both 
versions. 


PIN NOMENCLATURE 

STANDARD ROM 

A0-A13 

Addresses 

E/E/S3/S3 

Chip Enable/Power Down or Chip Select 

NC 

No Connection 

Q1-Q8 

Data Out 

SI/SI, S2/S2 

Chip Selects 

vcc 

+ 5-V Supply 

Vss 

Ground 



The TMS47128 is fully compatible with Series 74, 74S, or 74LS TTL. The data outputs are three-state for OR-tieing 
multiple devices on a common bus. Pins 20, 22, and 27 are mask-programmable, providing additional system flexibili¬ 
ty. The data is always available, it is not dependent on external clocking of pins 20, 22, or 27. 

The TMS47128 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with Tl's full line of ROMs and EPROMs. 

This ROM is supplied in 28-pin dual-in-line plastic (NL suffix) or ceramic (JL suffix) packages designed for insertion 
in mounting-hole rows on 600 mil centers. The device is designed for operation from 0°C to 70°C. 


operation, standard ROM 

address (A0-A13) 

The address-valid interval determines the device cycle time. The 14-bit positive-logic address is decoded on-chip to 
select one of 16,384 words of 8-bit length in the memory array. AO is the least-significant bit and A13 the most- 
significant bit of the word address. 

chip select (S1 or SI and S2 or S2) 

Pins 22 and 27 can be programmed during mask fabrication to be active with either a high- or a low-level input. When 
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the signals on pins 20, 22, and 27 are active, all eight outputs are enabled; and the eight-bit addressed word can 
be read. When any of the signals on pins 20, 22, and 27 are not active, all eight outputs are in a high-impedance state. 

power down (E or E) or chip select (S3 or S3) 

Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (E or E) or a third chip-select 
pin (S3 or S3). Each option can be active-high or active-low. When the chip-enable/power-down pin is inactive, the 
chip is put into the standby mode. This reduces ICC1> which in the active state is 60 mA, to a standby lcC2 of 12 
mA. With the chip-select option, pin 20 is functionally identical to pins 22 and 27. 

data out (Q1-Q8) 

The eight outputs must be enabled by pins 20, 22, and 27 before the output word can be read. Data will remain valid 
until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs 
are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit. 


operation, bank select ROM option 



Pins 26 (SB1 or SB1) and 1 (SB2 or SB2) can be pro¬ 
grammed during mask fabrication to select either of 
two 64K banks. When this option is selected, AO 
through A12 address an 8K x 8 word bank. The bank 
select pins can be either active high or active low with 
SB1 selecting bank 1 and SB2 selecting bank 2. Bank 
one represents the least-significant 64K bank and 
bank two represents the most-significant bank. All 
bank select pins in the inactive state or more than one 
bank select pin active will drive all outputs to the high- 
impedance state. 

The chip-select and power-down options previously 
described for the standard ROM apply equally to the 
bank select ROM version. 

Bank select input level specifications are identical to 
the input level specifications of the standard ROM. 


TIVIS47128 . . . JL OR NL PACKAGE 
BANK SELECT ROM 
(TOP VIEW) 


SB2/SB2 

A12 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

Q1 

02 

03 

Vss 


pi U28 


112 
[13 
C4 
C5 
C6 
Ly 
Cb 
C9 

C 10 19 

Q 11 18 

Q 12 17 

[“13 16 

Q 14 ^ 




U vcc 

S2/S2 
H SB1/SB1 
3 A8 
]] A9 
] All 
D S1/S1 
D A10 
D i/E/S3/S3 
2 08 
D Q7 
I] 06 
2 05 
2 04 


PIN NOMENCLATURE 

BANK SELECT ROM 

A0-A12 

Addresses , 

e7e7S3/S3 

Chip Enable/Power Down or Chip Select 

01-08 

Data Out 

S1/S1, S2/S2 

Chip Selects 

^1/SB1, 

Bank Selects 

SB2/SB2 


VCC 

+ 5-V Supply 

vss 

Ground 


7-28 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS. TEXAS 75265 


1 





, Texas 
Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 









ROM Devices 


TMS47128 

16,384-WORD BY 8-BIT READ-ONLY MEMORY 


functional block diagrams 

STANDARD ROM M - Vcc 

^- Vss 


DATA OUTPUTS 
Q1-Q8 



BANK SELECT ROM 


Vcc 


Vss 
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absolute maximum ratings 


Supply voltage to ground potential (see Note 1) -0.5 V to 7 V 

Applied output voltage (see Note 1) . -1 V to 7 V 

Applied input voltage (see Note 1) . -1 V to 7 V 

Power dissipation . 500 mW 

Operating free-air temperature . 0°C to 70°C 

Storage temperature . -55°Cto150°C 


NOTE 1: Voltage values are with respect to Vss- 

recommended operating conditions 


PARAMETER 

MIN 

NOM MAX 

UNIT 

Supply voltage, Vcc 

4.5 

5 5.5 

V 

High-level input voltage, Vm 

2 

Vcc 

V 

Low-level input voltage, V(l 

-1 

0.8 

V 

Operating free-air temperature, Ta 

0 

70 

°c 


electrical characteristics, Ta = 0°C to 70 °C, Vqq = 5 V ±10% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

Vqh 

High-level output voltage 

Vcc = 4.5 V, 

lOH = -1 oiA 

2.4 

V 

Vql 

Low-level output voltage 

Vcc = 4.5 V, 

lOL = 2.1 mA 

0.4 

V 

ll 

Input current 

Vcc = 5.5 V, 

Ov £ V|N £ 5.5 V 

10 

aA 

lo 

Output leakage current 

Vo = 0.4 V to Vcc- 

Chip deselected 

±10 

aA 

Icci 

Supply current from Vcc (active) 

Vcc = 5.5 V, 

V| = Vcc Output not loaded 

60 

mA 

ICC2 

Supply current from Vcc (power down) 

Vcc = 5.5 V 

12 

mA 

Ci 

Input capacitance 

Vo = 0 V, 
f = 1 MHz 

Ta = 25®C, 

6 

pF 

Co 

Output capacitance 

Vo = 0 V, 
f = 1 MHz 

Ta = 25 °C, 

12 

PF 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V ±10%, see figure l^ 



PARAMETER 

TMS47128-25 

TMS47128-35 

TMS47128-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

1a(AD) Access time from address 

250 

350 

450 

ns 

ta(S) Access time from chip select 

120 

120 

120 

la(PD) Access time from power down/chip enable 

250 

350 

450 

1v(A) Output data valid after address change 

10 

10 

10 

tdis Output disable time from chip select/chip enable 

100 

100 

100 

^en(S) Output enable time from chip select 

10 

10 

10 

ten(E) Output enable time from chip enable 

10 

10 

10 


^ All AC measurements are made at 10% and 90% points. 
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64K bank decode switching characteristics'!' 


PARAMETER 

TMS47128-25 

TMS47128-35 

TMS47128-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

ta(SB) Access time from bank select 

250 

350 

450 

ns 

*en(SB) Output enable time from bank select 

10 

10 

10 

fdis(SB) Output disable time from bank select 

100 

100 

100 


^ Previously defined switching characteristics remain unchanged. 


PARAMETER MEASUREMENT INFORMATION 


V = 1.755 V 
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PROGRAMMING DATA 

PROGRAMMING REQUIREMENTS: The TMS47128 is a fixed program memory in which the programming is performed by 
Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 16,384 8-bit words with address locations numbered 0 to 16,383. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding ail binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A13 is the most significant. 

The input media containing the programming data can be in the form of EPROMs, cards, or data formatted in card images 
(contact Tl for details). 

Either 16K, 32K, or 64K EPROMs can be used or any combination of them. 

The following is a description of how the cards/card images must be formatted, shouid they be used instead of EPROMs. 

INPUT CARD FORMAT 

Each code deck submitted by customer shall consist of the following: 

Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the foilowing format: 

TITLE CARD 

Card Column Information 

The word 'TITLE' shall be punched in these columns. 

Blank. 

The letters 'ZA' shall be punched in these columns. 

ZA Number. 

Blank. 

Customer's Part Number, if required 
(left justifed) 

Blank. 

Customer's Part Number to be included as part of device symbolization. 

Options: 

Y = Yes 
N = No 

Blank. 

28 

Blank. 

Type of Package 
Options: 

C = ceramic 
P = plastic 
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38 

39 


40 


41 


42 


43 


44 


45 


46 

47 - 52 


Blank. 

Customer defined option for device mode pin 20 
Options: 

P = power down 
C = chip select 

Customer defined option for device mode 
Options: 

S = standard ROM 
B = bank select ROM 

Logic level for pin 20 
Options: 

1 = power down or chip select high 
0 = power down or chip select low 

Logic level for pin 22 
Options: 

1 = chip select enable high 
0 = chip select enable low 

Logic level for pin 27 
Options: 

1 = bank select enable high 
0 = bank select enable low 

Logic level for pin 26 bank select (1) mode 
Options: 

Blank = standard ROM no bank select (A13) 

1 = bank select enable high 
0 = bank select enable low 

Logic level for pin 1 bank select (2) mode 
Options: 

Blank = standard ROM no bank select (NC) 

1 = bank select enable high 
0 = bank select enable low 
Pin 1 selects high order addresses. 

Blank. 

Texas Instruments Device Series (i.e., 47256, 47128) 
(left justified) 



COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows: The letter 'C' (for comment) must be punch¬ 
ed in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-80. 

START OF DATA CARD 

This card is to identify that the next card will be the beginning of customer's code. Format is as follows; Columns 1 -4 
must have '&ROM' punched in them. The remainder of card is blank. 
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DATA CARDS 


There will be 512 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 memory 
locations. Each data card shall be in the following format: 


Card Column 


Information 


1 - 4 
5, 6 
7-70 

71, 72 


73 - 76 


Hexadecimal address of first word on the card, four bits in length. 

Blank. 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a hexa¬ 
decimal value of '00' to 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from 
columns 1 to 70, evaluate modulo 256 (carry from high order bit ignored). For purposes 
of calculating the checksum, the value of columns 5 and 6 are defined to be zero. Adding 
together, modulo 256, all 8-bit bytes from column 1 to 70 (columns 5 and 6 = 0), then 
adding the checksum, results in zero. 

Blank. 


77 — 80 Card sequence number, in decimal (right justified). 



Texas Instruments reserves the right to make changes at any time in order to improve design and to suppiy the best product possible. 
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MOS 

LSI 


• 32,768 X 8 Organization 

• Fuiiy Static (No ciocks. No Refresh) 

• Aii Inputs and Outputs TTL Compatible 

• Single 5-V Power Supply 

• Optional Power Down or Chip Select 

• 64K Bank Select Option 

o Maximum Access Time from Address or 
Power Down: 


TMS47256-25 250 ns 

TMS47256-35 350 ns 

TMS47256-45 450 ns 


• Worst Case Active Power 
Dissipation . . . 330 mW 

o Worst Case Standby Power 
Dissipation ... 66 mW 


description 

The TMS47256 is a 262,144-bit read-only memory 
organized as 32,768 words of 8-bit length. This makes 
the TMS47256 ideal for microprocessor based 
systems. The device is fabricated using N-channel 
silicon-gate technology for high speed and simple in¬ 
terface with bipolar circuits. 

There are two versions of the TMS47256: the stan¬ 
dard ROM with options on chip selects and power 
down, and the bank select ROM with similar options. 
The operation section of this data sheet describes both 
versions. 


TMS47256 

32,768-WORD BY 8-BIT READ-ONLY MEMORY 

JUNE 1983 


TMS47256 . . . JL OR NL PACKAGE t 
STANDARD ROM 
(TOP VIEW) 


NC(^ 

A12[[ 

A7C 

A6(^ 

Asr 

A4C 

A3C 

A2C 

AlC 

A0[[ 

01 C 
02 Q 

03 Q 

VssC 


2 2 


13 16 

14 15 


3 

4] 

3: 

3 


Vcc 

A14 

A13 

A8 

A9 

All 

51/SI 

AID 

E/E/S2/S2 

08 

07 

06 

05 

04 


^ The package for the bank select ROM is shown on page 2. 


PIN NOMENCLATURE 

STANDARD ROM 

A0-A14 

Addresses 

e7e7s2/S2 

Chip Enable/Power Down or Chip Select 

NC 

No Connection 

Q1-Q8 

Data Out 

S1/S1 

Chip Select 

vcc 

-1-5-V Supply 

vss 

Ground 



The TMS47256 is fully compatible with Series 74, 74S, or 74LS TTL. The data outputs are three-state for OR-tieing 
multiple devices on a common bus. Pins 20 and 22 are mask-programmable, providing additional system flexibility. 
The data is always available, it is not dependent on external clocking of pins 20 and 22. 

The TMS47256 is designed for high-density fixed-memory applications such as logic function generation and 
microprogramming. It is pin compatible with Tl's full line of ROMs and EPROMs. 

This ROM is supplied in 28-pin dual-in-line plastic (NL suffix) or ceramic,(JL suffix) packages designed for insertion 
in mounting-hole rows on 600 mil centers. The device is designed for operation from 0°C to 70 °C. 


operation, standard ROM 
address (A0-A14) 

The address-valid interval determines the device cycle time. The 15-bit positive-logic address is decoded on-chip to 
select one of 32,768 words of 8-bit length in the memory array. AO is the least-significant bit and A14 the most- 
significant bit of the word address. 


chip select (SI or SI) 

Pin 22 can be programmed during mask fabrication to be active with either a high- or low-level input. When the signal 
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on both pins 22 and 20 are active, all eight outputs are enabled; and the eight-bit addressed word can be read. When 
the signal on either pin 22 or 20 is not active, all eight outputs are in a high-impedance state. 

power down (E or E) or chip select (S2 or S2) 

Pin 20 can be programmed during mask fabrication to be a chip-enable/power-down pin (E or E) or a secondary chip- 
select pin (S2 or S2). Each option can be active-high or active-low. When the chip-enable/power-down pin is inactive, 
the chip is put into the standby mode. This reduces ICC1< which in the active state is 60 mA, to a standby lcC2 
of 12 mA. With the chip-select option, pin 20 is functionally identical to pin 22. 

data out (Q1-Q8) 

The eight outputs must be enabled by pins 20 and 22 before the output word can be read. Data will remain valid 
until the address is changed or the outputs are disabled (chip deselected). When disabled, the three-state outputs 
are in a high-impedance state. Q1 is considered the least-significant bit, Q8 the most-significant bit. 


operation, bank select ROM option 

Pins 26 (SB1 ^SBI), 1 (SB2 or SB2), 27 (SB3 or 
SB3), and 22 (SB4 or SB4) can be programmed dur¬ 
ing mask fabrication to select any one of four 64K 
banks. When this option is selected, AO through A12 
address an 8Kx8 word bank. The bank select pins 
can be either active high or active low with SB1, SB2, 
SB3, and SB4 selecting banks one, two, three, and 
four, respectively. Bank one represents the least- 
significant 64K bank and bank four represents the 
most-significant bank. All bank select pins in the in¬ 
active state or more than one bank select pin active 
will drive all outputs to the high-impedance state. 



The chip-select and power-down options previously 
described for the standard ROM differ only slightly for 
the bank select ROM version; the only difference be¬ 
ing that there are two possible chip selects for the 
standard ROM while only one chip select is available 
for the bank select ROM. Data out functions the same 
for both versions. 


Bank select input level specifications are identical to 
the input level specifications of the standard ROM. 


TMS47256 . . . JL OR NL PACKAGE 
BANK SELECT ROM 
(TOP VIEW) 


SB2/SB2[^ 

A12Q 

A7\: 

A6C 

ABf 

A4C 

A3C 

A2C 

AlC 

AOC 

QIC 
Q2C 
03 C 
vssC 


1 028 
2 27 3 

26 3 

25] 


24 

23p 

22 

21 

20 


10 19 

11 18 

12 17 

13 16 

14 15 


Ycc 

SB3/SB3 

SB1/SB1 

A8 

A9 

^1 

SB4/SB4 

A10 

E/E/S/S 

08 

07 

06 

05 

04 


PIN NOMENCLATURE 

BANK SELECT ROM 

A0-A12 

Addresses 

E/E/S/S 

Chip Enable/Power Down or Chip Select 

01-08 

Data Out 

Sbi/sbi, 

Bank Selects 

SB2/SB2, 


SB3/SB3, 


§B4/SB4 


vcc 

+ 5-V Supply 

vss 

Ground 
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logic symbolst STANDARD ROMS 



Pins 20 and 22 can be active-low as shown in the symbol on the left or active-high as shown ^in the symbol on the right. 
In addition, pin 20 can be either a secondary chip select (S2 or S2) or a chip enable/power down (E or E). 

^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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functional block diagrams 


STANDARD ROM 


-Vcc 

^-Vss 


DATA OUTPUTS 
Q1-Q8 



BANK SELECT ROM 


Vcc 


< -Vss 



DATA OUTPUTS 
01-08 
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absolute maximum ratings 


Supply voltage to ground potential (see Note 1) . -0.5 V to 7 V 

Applied output voltage (see Note 1) . -1Vto7V 

Applied input voltage (see Note 1) . -1 V to 7 V 

Power dissipation . 500 mW 

Operating free-air temperature . 0°C to 70°C 

Storage temperature . -55°Cto150°C 


NOTE 1: Voltage values are with respect to Vss- 


recommended operating conditions 


PARAMETER 

MIN NOM 

MAX 

UNIT 

Supply voltage, Vqc 

4.5 5 

5.5 

V 

High-level input voltage, V|n 

2 

Vcc 

V 

Low-level input voltage, V(l 

-1 

0.8 

V 

Operating free-air temperature, Ta 

0 

70 

°c 


electrical characteristics, = 0°C to 70 °C, Vdd = 5 V ±10% (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN MAX 

UNIT 

VOH 

High-level output voltage 

Vcc = 4.5 V, 

lOH = -1 rnA 

2.4 

V 

Vql 

Low-level output voltage 

Vcc = 4.5 V, 

lOL = 2.1 mA 

0.4 

V 

l| 

Input current 

Vcc 5.5 V, 

Ov £ V|N < 5.5 V 

10 

aA 

lo 

Output leakage current 

Vq = 0.4 V to Vcc> 

Chip deselected 

±10 

aA 

Icci 

Supply current from Vqc (active) 

Vcc = 5.5 V, 

V| = Vcc Output not loaded 

60 

mA 

'CC2 

Supply current from Vcc (power down) 

Vcc = 5.5 V 

12 

mA 

Ci 

Input capacitance 

Vq = 0 V, 
f = 1 MHz 

Ta = 25°C, 

6 

pF 

Co 

Output capacitance 

Vq = 0 V, 
f = 1 MHz 

Ta = 25°C, 

12 

pF 


switching characteristics, Ta = 0°C to 70°C, Vcc = 5 V ±10%, see figure it 


PARAMETER 

TMS47256-25 

TMS47256-35 

TMS47256-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

ta(AD) Access time from address 

250 

350 

450 

ns 

ta(S) Access time from chip select 

120 

120 

120 

^alPD) Access time from power down/chip enable 

250 

350 

450 

tv(A) Output data valid after address change 

10 

10 

10 

tdis Output disable time from chip select/chip enable 

100 

100 

100 

fenlS) Output enable time from chip select 

10 

10 

10 

len(E) Output enable time from chip enable 

10 

10 

10 


All AC measurements are made at 10% and 90% points. 
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64K bank decode switching characteristics^ 


PARAMETER 

TMS47256-25 

TMS47256-35 

TMS47256-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

ta(SB) Access time from bank select 

250 

350 

450 

ns 

fen(SB) Output enable time from bank select 

10 

10 

10 

^dis(SB) Output disable time from bank select 

100 

100 

100 


^ Previously defined switching characteristics remain unchanged. 


PARAMETER MEASUREMENT INFORMATION 


V = 1.755 V 


OUTPUT 

UNDER 

TEST 



FIGURE 1 - LOAD CIRCUIT 
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PROGRAMMING DATA 

PROGRAMMING REQUIREMENTS: The TMS47256 is a fixed program memory in which the programming is performed by 
Tl at the factory during the manufacturing cycle to the specific customer inputs supplied in the format below. The device 
is organized as 16,384 8-bit words with address locations numbered 0 to 32,767. The 8-bit words can be coded as a 2-digit 
hexadecimal number between 00 and FF. All data words and addresses in the following format are coded in hexadecimal 
numbers. In coding all binary words must be in positive logic before conversion to hexadecimal. Q1 is considered the least 
significant bit and Q8 the most significant bit. For addresses, AO is least significant bit and A14 is the most significant. 

The input media containing the programming data can be in the form of EPROMs, cards, or data formatted in card images 
(contact Tl for details). 

Either 16K, 32K, or 64K EPROMs can be used or any combination of them. 

The following is a description of how the cards/card images must be formatted, should they be used instead of EPROMs. 

INPUT CARD FORMAT 

Each code deck submitted by customer shall consist of the following: 

1. Title Card 

2. Comment Cards 

3. Start of Data Card 

4. Data Cards 

The cards shall be standard 80 column cards with the information in the following format: 

TITLE CARD 

Information 

The word 'TITLE' shall be punched in these columns. 

Blank. 

The letters 'ZA' shall be punched in these columns. 

ZA Number. 

Blank. 

Customer's Part Number, if required 
(left justifed) 

Blank. 

Customer's Part Number to be included as part of device symbolization. 

Options: 

Y = Yes 
N = No 

Blank. 

28 

Blank. 

Type of Package 
Options: 

C = ceramic 
P = plastic 


Card Column 
1 - 5 
6 

7, 8 
9-14 
15 

16-30 

31 

32 


33 

34 - 35 

36 

37 
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32,768-WORD BY 8-BIT READ-ONLY MEMORY 


38 Blank. 

39 Customer defined option for device mode pin 20 

Options: 

P = power down 
C = chip select 

40 Customer defined option for device mode 

Options: 

S = standard ROM 
B = bank select ROM 

41 Logic level for pin 20 

Options: 

1 = power down or chip select high 
0 = power down or chip select low 

42 Logic level for pin 22 chip select or bank select (4) mode 
Options: 

Blank = standard ROM no bank select (chip select) 

1 = chip select enable high or bank select enable high 
0 = chip select enable low or bank select enable low 

43 Logic level for pin 27 bank select (3) mode 
Options: 

Blank = standard ROM no bank select (A14) 

1 = bank select enable high 
0 = bank select enable low 

44 Logic level for pin 26 bank select (1) mode 
Options: 

Blank = standard ROM no bank select (A13) 

1 = bank select enable high 
0 = bank select enable low 

45 Logic level for pin 1 bank select (2) mode 
Options: 

Blank = standard ROM no bank select (NO) 

1 = bank select enable high 
0 = bank select enable low 
Pin 1 selects high order addresses. 

46 Blank. 

47 - 52 Texas Instruments Device (i.e., 47256, 47128) 

(left justified) 



COMMENT CARDS 

Any number of comment cards may be used for specifying the customer's name, individual to contact, telephone number, 
address, any special instructions, etc. The format for these cards is as follows: The letter 'C' (for comment) must be punch¬ 
ed in column 1, columns 2-4 must be blank, and comments can be punched in columns 5-80. 

START OF DATA CARD 

This card is to identify that the next card will be the beginning of customer's code. Format is as follows; Columns 1-4 
must have '&ROM' punched in them. The remainder of card is blank. 
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ROM Devices 


ROM Devices 


TMS47256 

32,768 W0RD BY 8 BIT READ-ONLY MEMORY 


DATA CARDS 


There will be 1024 data cards supplied for each customer code. Each card will contain (in hexadecimal) the data for 32 
memory locations. Each data card shall be in the following format: 


Card Column 


Information 


1 - 4 
5, 6 
7-70 

71, 72 


73 - 76 


Hexadecimal address of first word on the card, four bits in length. 

Blank. 

Data. Each 8-bit data byte is represented by two ASCII characters to represent a hexa¬ 
decimal value of '00' to 'FF'. 

Checksum. The checksum is the negative of the sum of all 8-bit bytes in the record from 
columns 1 to 70, evaluate modulo 256 (carry from high order bit ignored). For purposes 
of calculating the checksum, the value of columns 5 and 6 are defined to be zero. Adding 
together, modulo 256, all 8-bit bytes from column 1 to 70 (columns 5 and 6 = 0), then 
adding the checksum, results in zero. 

Blank. 


77 — 80 Card sequence number, in decimal (right justified). 



Texas Instruments reserves the right to make changes at any time In order to Improve design and to supply tha bast product possible. 
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Static RAM and Memory Support Devices 


> 

ATTENTION 

These devices contain circuits to protect the inputs and outputs against damage 
due to high static voltages or electrostatic fields; however, it is advised that 
precautions be taken to avoid application of any voltage higher than maximum¬ 
rated voltages to these high-impedance circuits. 

Unused inputs must always be connected to an appropriate logic voltage level, 
preferably either supply voltage or ground. 

Additional information concerning the handling of ESD sensitive devices is 
available from Texas Instruments in a document entitled “Guidelines for 
Handling Electrostatic-Discharge-Sensitive (ESDS) Devices and Assemblies. “ 

Please contact 


8 


to obtain this brochure. 


Texas Instruments 
P.O. Box 401560 
Dallas, Texas 75240 
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MOS 

LSI 


• Previously Called TMS4045/TMS40L45 

• 1024 X 4 Organization 

• Single +5-V Supply 

• High Density 300-mil (7.62 mm) 18-Pin 
Package 


• Fully Static Operation (No Clocks, No 
Refresh, No Timing Strobe) 


• 4 Performance Ranges: 


ACCESS READ OR WRITE 



TIME 

CYCLE 


(MAX) 

(MIN) 

TMS2114-15, TMS2114L-15 

150 ns 

150 ns 

TMS2114-20, TMS2114L-20 

200 ns 

200 ns 

TMS2114-25, TMS2114L-25 

250 ns 

250 ns 

TMS2114-45, TMS2114L-45 

450 ns 

450 ns 


• 400-m\/ Guaranteed DC Noise Immunity 
with Standard TTL Loads - No Pull-Up 
Resistors Required 

• Common I/O Capability 

• 3-State Outputs and Chip Select Control for 
OR-Tie Capability 

• Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads 

• Low Power Dissipation 

MAX 

(OPERATING) 

TMS2114. 550 mW 

TMS2114L 330 mW 


TMS2114, TMS2114L 
1024-WORD BY 4-BIT STATIC RAMS 

DECEMBER 1979 - REVISED AUGUST 1983 


TMS2114, TMS2114L . . . NL PACKAGE 
(TOP VIEW) 


A6 

A5 

A4 

A3 

AO 

A1 

A2 

S 

Vss 


1 Uisp 

2 173 

3 

4 

5 

6 

7 

8 
9 


16 3 
153 

143 

133 

123 

lO 

103 


Vcc 

A7 

A8 

A9 

DQ1 

DQ2 

DQ3 

DQ4 

W 


PIN NOMENCLATURE 

O) 

< 

o 

< 

Addresses 

DQ1 - DQ4 

Data In/Data Out 

S 

Chip Select 

Vcc 

-1-5-V Supply 

Vss 

Ground 

W 

Write Enable 


description 

This series of static random-access memories is organized as 1024 words of 4 bits each. Static design results in reducing 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this 
series is fully static, chip select may be tied low to further simplify system timing. Output data is always available 
during a read cycle. 


8 


All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 
4K Static RAM series is manufactured using Tl's reliable N-channel silicon-gate technology to optimize the cost/ 
performance relationship. 


The TMS2114/2114L series is offered in the 18-pin dual-in-line plastic (NL suffix) package designed for insertion in 
mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 


Copyright © 1983 by Texas Instruments Incorporated 
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Static RAM and Memory Support Devices 


TMS2114. TMS2114L 
1024-WORD BY 4-BIT STATIC RAMS 


operation 

addresses (AO - A9) 

The ten address inputs select one of the 1024 4-bit words in the RAM. The address inputs must be stable for the 
duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no external 
pull-up resistors. 

chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out 
terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is 
inhibited and data-out is in the floating or high-impedance state. 

write enable (W) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W or S must be high when changing addresses to prevent erroneously writing data into a 
memory location. The W input can be driven directly from standard TTL circuits. 

data-in/data-out (DQ1 - DQ4) 

Data can be written into a selected device when the write enable input is low. The DQ terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 
74 TTL gates, one Series 74S TTL gate, or eight Series 74LS TTL gates. The DQ terminals are in the high-impedance 
state when chip select (S) is high or whenever a write operation is being performed. Data-out is the same polarity 
as data-in. 
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TMS2114. TMS2114L 
1024-WORD BY 4-BIT STATIC RAMS 


logic symbol^ 


(5) 


( 6 ) 


(7) 


A5 


(4) 


(3) 


( 2 ) 


( 1 ) 


(17) 


(16) 


(15) 


A9 

-J8L 


— ( 10 ) 

w- 


DQ1 


(14) 


RAM 1024x4 


9 




1023 


-Ek G1 

1EN [READ] 
1C2 [WRITE] 


(13) 

DQ2 - < » 
DQ3 - - ^ il ► 




A,2D 

V3 


A,Z3+ 


FUNCTION TABLE 


w 

S 

DQ1 - DQ4 

MODE 

L 

L 

VALID DATA 

WRITE 

H 

L 

DATA OUTPUT 

READ 

X 

H 

Hl-Z 

DEVICE DISABLED 


^This symbol is in accordance with IEEE Std 91/ANSl Y32.14 and 
recent decisions by IEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature (uniess otherwise noted) t 


Supply voltage, Vcc (see Note 1). -0.5 V to 7 V 

Input voltage (any input) (see Note 1) . -1\/to7V 

Continuous power dissipation. 1 W 

Operating free-air temperature range. 0°C to 70°C 

Storage temperature range. -55°C to 150°C 


1 Stresses beyond those listed under "Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Voltage values are with respect to the ground material. 



recommended operating conditions 


PARAMETER 

TMS2114 

TMS2114L 

UNIT 

MIN NOM MAX 

Supply voltage, Vqc 

4.5 5 

5,5 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, V|(-) 

2 

5.5 

V 

Low-level input voltage, V|l (see Note 2) 

-1 

0.8 

V 

Operating free-air temperature, T^ 

0 

70 

°c 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minium, is used in this data sheet for logic voltage levels only. 
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Static RAM and Memory Support Devices 


TMS2114, TMS2114L 
1024-WORD BY 4-BIT STATIC RAMS 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONSt 

MIN TYP+ MAX 

UNIT 

Vqh High-level voltage 

IqH = —1 mA = MIN (operating) 

2.4 

V 

Vql Low-level voltage 

IOI_ = 3.2 mA Vqc = MIN (operating) 

0.4 

V 

l| Input current 

V| = 0 V to MAX 

10 

pA 

•OZ Off-state output current 

S at 2 V or 

_ Vo = 0 V to MAX 

W at 0.8 V 

±10 

pA 

•CC Supply current from VcC 

lO = 0 mA, 

Ta = 0°C (worst case) 

TMS2114 

Vcc= max 

90 100 

mA 

TMS2114L 

Vcc= max 

50 60 

Cj Input capacitance 

V| = 0 V, 

f = 1 MHz 

8 

pF 

Cq Output capacitance 

Vo = 0 V, 
f = 1 MHz 

8 

pF 


^ For conditions shown as MIN or MAX, use the appropriate value specified under recommended operating conditions. 
All typical values are at ~ 5 V, = 25°C. 


timing requirements over recommended supply voltage range, Ta = 0°C to 70 °C, 1 Series 74 TTL load, 
CL = 100pF 



PARAMETER 

TMS2114-15 

TMS2114L-15 

TMS2114-20 

TMS2114L-20 

TMS2114-25 

TMS2114L-25 

TMS2114-45 

TMS2114L-45 

UNIT 



MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 


'^c(rd) 

Read cycle time 

150 

200 

250 

450 

ns 

^c(wr) 

Write cycle time 

150 

200 

250 

450 

ns 

^w(W) 

Write pulse width 

80 

100 

100 

200 

ns 

^su(A) 

Address set up time 

0 

0 

0 

0 

ns 

^su(S) 

Chip select set up time 

80 

100 

100 

200 

ns 

tsu(D) 

Data set up time 

80 

100 

100 

200 

ns 

th(D) 

Data hold time ^ 

0 

0 

0 

0 

ns 

th(A) 

Address hold time 

0 

0 

0 

20 

ns 
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TMS2114. TIVIS2114L 
1024-WORD BY 4-BIT STATIC RAMS 


switching characteristics over recommended voltage range, Ta = 0°C to 70°C, 1 Series 74 TTL 
load, Cl = 100 pF 


PARAMETER 

TMS2114-15 

TIV1S2114L-15 

TMS2114-20 

TMS2114L-20 

TMS2114-25 

TMS2114L-25 

TMS2114-45 

TMS2114L-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

*a(A) Access time from address 

150 

200 

250 

450 

ns 

Access time from chip select 
(or output enable) low 

70 

85 

100 

120 

ns 

^a(W) Access time from write enable high 

70 

85 

100 

120 

ns 

tvlA) Output data valid after address change 

20 

20 

20 

20 

ns 

Output disable time after chip select 
'dis(S) output enable) high 

50 

60 

60 

100 

ns 

tdis(W) Output disable time after write enable low 

50 

60 

60 

100 

ns 


read cycle timing! 


ADDRESS, A 


CHIP SELECT, S 


OUTPUT DATA, Q 



All timing reference points are 0.8 V and 2.0 V onlnputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 nanoseconds. 


^Write enable is high for a read cycle. 
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Static RAM and Memory Support Devices 


TMS2114, TMS2114L 

1024 WORD BY 4-BIT STATIC RAMS 


read-write cycle timing 



TYPICAL APPLICATION DATA 


8 


Early write cycle avoids DQ conflicts by controlling the write time with S. On the diagram above, the write operation will 
be controlled by the leading edge of S, not W. Data can only be written when both S and W are low. Either S or W being 
high inhibits the write operation. To prevent erroneous data being written into the array, the addresses must be stable dur¬ 
ing the write cycle as defined by tguiA), tw(W)/ and th(A)- 


Texas instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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ADVANCED MEMORY 
DEVELOPMENT 


o Fast Address to Match Valid Delay — Two 
Speed Ranges: 45 ns, 55 ns 

o 512 X 9 Internal RAM 

O 300-Mil 24-Pin Ceramic Side Brazed 
Package 

o Max Power Dissipation: 660 mW 
O On-Chip Parity Generation and Checking 
o Parity Error Output/Force Parity Error Input 
O On-Chip Address/Data Comparator 
o Asynchronous. Single-Cycle Reset 
o Easily Expandable 
O Fully Static, TTL Compatible 
o Reliable SMOS (Scaled IMMOS) Technology 


TMS2150 

CACHE ADDRESS COMPARATOR 

MARCH 1982 - REVISED SEPTEMBER 1983 


TMS2150 . . . JDL PACKAGE 
(TOP VIEW) 


RESETQ 
A5|^ 
A4Q 
A3Q 

A2C 

D3£ 

DOC 

DiC 

wC 

PEC 

vssC 


1 U24h 

2 23 I] 

22 D 
20 
20 3 
19D 
18D 
wD 
16D 

isD 

14^ 
13j 


Vcc 

A1 

AO 

A8 

A7 

A6 

05 

04 

07 

06 

MATCH 

S 


description 

The 8-bit-slice cache address comparator consists of a high-speed 512X9 static RAM array, parity generator, and 
parity checker, and 9-bit high-speed comparator. It is fabricated using N-channel silicon gate technology for high speed 
and simple interface with MOS and bipolar TTL circuits. The cache address comparator is easily cascadable for wider 
tag addresses or deeper tag memories. Significant reductions in cache memory component count, board area, and 
power dissipation can be achieved with this device. 

When S is low and W is high, the cache address comparator compares the contents of the memory location addressed 
by A0-A8 with the data on D0-D7 plus generated parity. An equality is indicated by a high level on the MATCH output. 
A low-level output from PE signifies a parity error in the internal RAM data. PE is an N-channel open-drain output for 
easy OR-tieing. During a write cycle (S and W low), data on D0-D7 plus generated even parity are written in the 9-bit 
memory location addressed by A0-A8. Also during write, a parity error may be forced by holding PE low. 

A RESET input is provided for initialization. When RESET goes low, all 51 2 X 9 RAM locations wiil be cleared and the 
MATCH output will be forced high. 

The cache address comparator operates from a single -i-5 V supply and is offered in a 24-pin 300-mil side brazed 
package. The device is fully TTL compatible and is guaranteed to operate from 0°C to 70 °C. 



MATCH OUTPUT DESCRIPTION 


FUNCTION TABLE 


MATCH = VoH if: 

or: 

or; 

or; 


1A0-A81 = D0-D7-(-parity, 
RESET = V|L, 

S_= V|H, 

W = V|L 


MATCH = Vql if: IA0-A8I # D0-D7-(-parity, 
with RESET = ViH, 

S = V|L, and W = Vm 


OUTPUT 

FUNCTION 

DESCRIPTION 

MATCH 

PE 

L 

L 

Parity Error 

L 

H 

Not Equal 

H 

L 

Undefined Error 

H 

_ 

Equal 


Wliere S = V|l, W = V|h. RESET = Vj^ 



Copyrig(it © 1983 by Texas Instruments Incorporated 
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Static RAM and Memory Support Devices 


TMS2150 

CACHE ADDRESS COMPARATOR 


functional block diagram (positive logic) 


AO 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

AS 


DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 


S 


w 



MATCH 


PE 


PIN FUNCTION 

A0-A8, Address Inputs 
DO-D7, Data Inputs 

RESET, Input 
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S, Chip Select Input 
W, Write Control Input 

Parity Error Input/Output 


MATCH, Output 

VSS 

VCC 


DESCRIPTION 

Address 1 of 512-by-9-bit random-access memory locations. 

Compared with memory location addressed by AO-A8 when W = V|i-|andS = V|l. 
Provides input data to RAM when W = V|l and S = V|l. 

Asynchronously clears entire RAM an-ay and forces MATCH high when RESET = V|l 
and W = V|H. 

Enables device when S = V|l. Deselects device and forces MATCH high when 
S = V|H. 

Writes DO-D7 -I- generated parity into RAM and forces MATCH high when W = V|l 
with S = V|L. Places selected device in compare mode if W = Vih- 

During write cycles PE can force a parity error into the 9-bit location specified by 
A0-A8 when PE = V|l. For compare cycles, PE = Vql indicates a parity error in the 
stored data. PE is an open-drain output so an external pull-up resistor is required. 

When MATCH = Vqh during a compare cycle, D0-D7 -I- parity equal the contents of 
the 9-bit memory location addressed by A0-A8. 

Circuit GND potential. 

+ 5 V circuit power supply. 
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TIVIS2150 

CACHE ADDRESS CDMPARATDR 


absolute maximum ratings over operating free-air temperature range (unless otherwise specified) 


Supply voltage range, Vcc (see Note 1) .. —1.5 V to 7 V 

Input voltage range, any input . —1.5 V to 7 V 

Continuous power dissipation . 1W 

Operating free-air temperature range . 0°C to 70°C 

Storage temperature range . —65°Cto150°C 


NOTE1: All voltage values are with respect to V 33 . 


recommended operating conditions 


PARAMETER 

MIN NOM 

MAX 

BWH 

Supply voltage, Vqc 

4.5 5 

5.5 

■1 

High-level input voltage, V||_| 

2 

6 


Low-level input voltage, V|l (See Note 21 

-1 

0.8 

mn' 

Operating free-air temperature, 

0 

70 

mm 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels 
only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

TMS2150-4 

TMS2150-5 

UNIT 

MIN TYP MAX 

MIN TYP MAX 

VoH(M) MATCH high-level output voltage 

IOH= "2 mA, Vq(;; = 4.5 V 

2.4 

2.4 

mm 

VoL(M) match low-level output voltage 

I0L = 4 Vcc = 4.5V 

0.4 

0.4 

■ai 

VoL(PE) ^ low-level output voltage 

IOL=^2mA, VcC“'^-E V 

0.4 

0.4 

mm 

l| Input current 

Vi=0 V to 5.5 V 

10 

10 

mm 

lOL(PE) PE output sink current 

Vol = 0.4V, Vcc = 4.5V 

12 

12 

igg 

. Short-circuit MATCH 

Ins 

output current 

Vcc = 5.5V, Vo = GND 

-150 

- 150 

mA 

Icci Supply current (operative) 

RESET =V|H 

95 135 

85 128 


ICC2 Supply current (reset) 

RESEt = V|L 

115 145 

o 

o 

IB&I 

Cj Input capacitance 

V|=0 V, f = 1 MHz 

5 

5 

mm 

Cq Output capacitance 

Vo = 0V, f = 1 MHz 

6 

6 

■ai 


ac test conditions 

Input pulse levels . 

Input rise and fall times 
Input timing reference levels 
Output timing reference level 
Output loading . 


. GND to 3 V 

. 5 ns 

. 1.5V 

. 1.5V 

See Figures 1A and IB 
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Static RAM and Memory Support Devices 


TMS2150 

CACHE ADDRESS CDMPARATOR 


switching characteristics over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER 

TMS2150-4 

TMS2150-5 

UNIT 

MIN 

MAX 

MIN 

MAX 

ta(A) 

Access time from address to MATCH 

45 

55 

1^311 

ta(A-P) 

Access time from address to PE 

55 

65 


ta(S) 

Access time from ^ to MATCH 

25 

35 

HQH 

'p{D) 

Propagation time, data inputs to MATCH 

35 

45 

Hjgi 

tp(R-MH) 

Propagation time, RESET low to MATCH high 

30 

40 

■91 

tp(S-MH) 

Propagation time,^ high to MATCH high 

30 

40 


tp(W-MH) 

Propagation time, W low to MATCH high 

25 

35 


tp(W-PH) 

Propagation time, W low to PE high 

25 

35 

131 

tv(A) 

MATCH valid time after change of address 

5 

5 

■91 

tv(A-P) 

PE valid time after change of address 

15 

15 

Hjgi 


timing requirements over recommended ranges of supply voltage and operating free-air temperature 


PARAMETER 

TMS2150-4 

TMS2150-5 

UNIT 

MIN MAX 

MIN MAX 

tc(W) 

Write cycle time 

45 

55 


^c(rd) 

Read cycle time 

45 

55 

ns 

tw(RL) 

Pulse duration, RESET low 

35 

45 

ns 

tw(WL) 

Pulse duration, W low 

30 

35 


^su(A) 

Address setup time before W low 

0 

0 

■SI 

tsu(D) 

Data setup time before W high 

25 

30 

■■ 

■ISS^l 

PE setup time before "W high 

25 

30 

1291 

tsu(S) 

Chip select setup time before W high 

25 

35 

■!f 

tsu(RH) 

RESET inactive setup time before first tag cycle 

0 

0 

m 

th(A) 

Address hold time after W high 

0 

5 

■91; 

th(D) 

Data hold time after W high 

5 

10 

■SB' 

th(P) 

PE hold time after W high 

0 

5 

— 

th(S) 

Chip select hold time after W high 

0 

0 

■91i 

fAVWH 

Address valid to write enable 

45 

50 

■31 
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TMS2150 

CACHE ADDRESS CDMPARATDR 


PARAMETER MEASUREMENT INFORMATION 


FROM OUTPUT 
UNDER TEST 


TEST 

VCC POINT 



15 pF 


FROM OUTPUT 
UNDER TEST 


TEST 

POINT Vcc 



FIGURE 1A-PE OUTPUT LOAD CIRCUIT 


FIGURE IB-MATCH OUTPUT LOAD CIRCUIT 


compare cycle timing 


U -*c(rd)- mi 



^_z 


NOTE: Input pulse levels are 0 V and 3 V, with rise and fall times of 5 ns. The timing reference levels on the Input pulses are 0.8 V and 2.0 V. The timing 

reference level for output pulses is 1.5 V. See Figures 1A and IB for output loading. 
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Static RAM and Memory Support Devices 


TMS2150 

CACHE ADDRESS COMPARATOR 


write cycle timing 


A0-A8 



■tc(W) ■ 


ADDRESS VALID 


i*~ ~ *su(A) • 


■tAVWH——*1 }*" 


■ »h(A) -H 




' 'su(S)' 




'£ 


■th{S)- 


I 


D0-D7 


PE (INPUT) 


MATCH 


PE (OUTPUT) 




!•-V(WL)- *\ I , 


I DATA VALID I 


I r~‘su(D)-*) L 

y 




th(D) 


t 


\ 


Ktp(w-MH)^ 


(P);-H r—*h(P)—*1 

A Vi 




V 


h—*p(W-PH|—H 


reset cycle timing 


RESET 


ADDRESS 


MATCH 






h-tw(RL)—-|>i -tsu(RH)- ^ 




FIRST TAG CYCLE 




ktpIR-MHlH 


\ 


NOTE: I nput pulse levels are 0 V and 3 V, with rise and fall times of 5 ns. The timing reference levels on the input pulses are 0.8 V and 2.0 V. 

The timing reference level for output pulses Is 1.5 V. See Figures 1A and 1B for output loading. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MOS 

LSI 


• 2K X 8 Organization. Common I/O 

• Single +5-V Supply 

o Fully Static Operation (No Clocks, No 
Refresh) 

• JEDEC Standard Pinout 

• 24-Pin 600 Mil (15.2 mm) Package 
Configuration 

• Plug-in Compatible with 16K 5 V EPROMs 

• 8-Bit Output for Use in Microprocessor- 
Based Systems 

• 3-State Outputs with S for OR-ties 

• G Eliminates Need for External Bus Buffers 

• All Inputs and Outputs Fully TTL Compatible 

• Fanout to Series 74, Series 74S or Series 
74LS TTL Loads 


• N-Channel Silicon-Gate Technology 

• Power Dissipation Under 385 mW Max 

• Guaranteed dc Noise Immunity of 400 mV 
with Standard TTL Loads 


• 4 Performance Ranges: 


ACCESS TIME (MAX) 


TMS4016-12 120 ns 

TMS4016-15 150 ns 

TMS4016-20 200 ns 

TMS4016-25 250 ns 


TMS4016 

2048-WORD BY 8-BIT STATIC RAM 

FEBRUARY 1981 - REVISED AUGUST 1983 


TMS4016 . . . NL PACKAGE 
(TOP VIEW) 


A7n 

h U 24 

Dvcc 

ABC 

2 

23 

I]A8 

ABC 

3 

22 

I]A9 

A4C 

4 

21 

I]w 

ASM 

5 

20 

iG 

A2C 

6 

19 

Daio 

AlC 

7 

18 

Is 

AOC 

8 

17 

UDQ8 

DQlC 

9 

16 

I]DQ7 

DQ2C 

10 

15 

I]DQ6 

DQ3C 

11 

14 

I]DQ5 

vssC 

12 

13 

3 004 


1 PIN NOMENCLATURE | 

AO - A10 

Addresses 

DQ1 - DQ8 

Data In/Data Out 

5 

Output Enable 

S 

Chip Select 

vcc 

-t-5-V Supply 

Vss 

Ground 

W 

Write Enable 


description 

The TMS4016 static random-access memory is organized as 2048 words of 8 bits each. Fabricated using proven 
N-channel, silicon-gate MOS technology, the TMS4016 operates at high speeds and draws less power per bit than 
4K static RAMs. It is fully compatible with Series 74, 74S, or 74LS TTL. Its static design means that no refresh clock¬ 
ing circuitry is needed and timing requirements are simplified. Access time is equal to cycle time. A chip select control 
is provided for controlling the flow of data-in and data-out and an output enable function is included in order to eliminate 
the need for external bus buffers. 



Of special importance is that the TMS4016 static RAM has the same standardized pinout as Tl's compatible EPROM 
family. This, along with other compatible features, makes the TMS4016 plug-in compatible with the TMS2516 (or 
other 16K 5 V EPROMs). Minimal, if any modifications are needed. This allows the microprocessor system designer 
complete flexibility in partitioning his memory board between read/write and non-volatile storage. 

The TMS4016 is offered in the plastic (NL suffix) 24-pin dual-in-line package designed for insertion in mounting hole 
rows on 600-mil (15.2 mm) centers. It is guaranteed for operation from 0°C to 70°C. 


Copyright © 1983 by Texas Instruments Incorporated 
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Static RAM and Memory Support Devices 


TMS4016 

2048-WORD BY 8-BIT STATIC RAM 


operation 

addresses (AO - AID) 

The eleven address inputs select one of the 2048 8-bit words in the RAM. The address-inputs must be stable for 
the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no exter¬ 
nal pull-up resistors. 

output enable (G) 

The output enable terminal, which can be driven directly from standard TTL circuits, affects only the data-out ter¬ 
minals. When output enable is at a logic high level, the output terminals are disabled to the high-impedance state. 
Output enable provides greater output control flexibility, simplifying data bus design. 

chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in/data-out ter¬ 
minals. When chip select and output enable are at a logic low level, the D/Q terminals are enabled. When chip select 
is high, the D/Q terminals are in the floating or high-impedance state and the input is inhibited. 

write enable (W) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 

data-in/data-out (DQ1 - DQ8) 

Data can be written into a selected device when the write enable input is low. The D/Q terminal can be driven directly 
from standard TTL circuits. The three-state output buffer provides direct TTL compatibility with a fan-out of one Series 
74 TTL gate, one Series 74S TTL gate, or five Series 74LS TTL gates. The D/Q terminals are in the high impedance 
state when chip select (S) is high, output enable (G) is high, or whenever a write operation is being performed. Data- 
out is the same polarity as data-in. 
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TMS4016 

2048-WORD BY 8-BIT STATIC RAM 


logic symbol'^' 


( 8 ) 


(7) 


(5) 


(4) 


( 2 ) 


A7- 

A8 

A9 

AlO 

S 

G 

w 


( 1 ) 


(23) 


( 22 ) 


(19) 


- ( 20 ) 


_ ( 21 ) 


10 ^ 

G1 

G2 

1.2 EN [READ! 
1C3 (WRITE) 


DQ2- 

DQ3- 

DQ4- 

DOS- 

DQ6- 

DQ7- 

DQ8- 


(10)^ . 

A.3D 

A.Z4 

V4 


(11)' ' 

- 4 » 

(13) 



(14)' " 


(15)^ ^ 


(16)^ ^ 


(17) 




FUNCTION TABLE 


W 

S 

■q 

DQ1-DQ8 

MODE 

L 

L 

X 

VALID DATA 

WRITE 

H 

L 

L 

DATA OUTPUT 

READ 

X 

H 

X 

Hl-Z 

DEVICE DISABLED 

H 

L 

H 

Hl-Z 

OUTPUT DISABLED 


^Tliis symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature range (unless otherwise noted)'1^ 


-0.5 V to 7 V 
. -1 V to 7 V 

. 1 W 

. 0°C to 70°C 
55°C to 150°C 

^ Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the ''Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute'maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Voltage values are with respect to the Vss terminal. 


Supply voltage, Vcc (sse Note 1). . . 
Input voltage (any input) (see Note 1) 

Continuous power dissipation. 

Operating free-air temperature range . 
Storage temperature range. 


recommended operating conditions 


PARAIVIETER 

MIN . NOM 

MAX 

UNIT 

Supply voltage, Vcc 

^ 4.5 5 

5.5 

V 

Supply voltage, Vss 

\ 

V 

High-level input voltage, V|h 


5.5 

V 

Low-level input voltage, Vil (see Note 2) 

H ^ 

V 

Operating free-air temperature, T^ 


70 

°c 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sl^et for logic voltage levels only. 
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Static RAM and Memory Support Devices 


TMS4016 

2048-WORD BY 8-BIT STATIC RAM 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYPt 

MAX 

UNIT 

VOH 

High level voltage 

l0H= -1 oiA, 

Vcc = 4.5 V 

2.4 

V 

VOL 

Low level voltage 

IoL = 2.1 mA, 

Vcc = 4.5 V 

0.4 

V 

'I 

Input current 

V|=0 V to 5.5 V 

10 

aA 

'oz 

Off-state output current 

S or G at 2 V or W at 0.8 V, 

Vo = 0Vto5.5V 

10 

aA 

Icc 

Supply current from Vcc 

l 0 = 0 mA, 

Ta = 0°C (worst case) 

Vcc = 5.5 V, 

40 

70 

mA 

Ci 

Input capacitance 

V|=0 V, 

f = 1 MHz 

8 

pF 

Co 

Output capacitance 

Vo = OV, 

f = 1 MHz 

12 

pF 


^All typical values are at Vf;(; = 5 V, T/^ = 25°C. 


timing requirements over recommended supply voltage range and operating free-air temperature range 


PARAMETER 

TMS4016-12 

TMS4016-15 

TMS4016-20 

TMS4016-25 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

*c(rd) 

Read cycle time 

120 

150 

200 

250 

ns 

'c(wr) 

Write cycle time 

120 

150 

200 

250 

ns 

tw(W) 

Write pulse width 

60 

80 

100 

120 

■ai 

tsu(A) 

Address setup time 

20 

20 

20 

20 


tsu(S) 

Chip select setup time 

60 

80 

100 

120 

ns 

*su(D) 

Data setup time 

50 

60 

80 

100 


th(A) 

Address hold time 

0 

0 

0 

0 

ns 

»h(D) 

Data hold time 

5 

10 

10 

10 

ns 


switching characteristics over recommended voltage range, = 0°C to 70°C with output loading 
of Figure 1 (see notes 3 and 4) 


PARAMETER 

TMS4016-12 

TMS4016-15 

TMS4016-20 

TMS4016-25 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

ta(A) Access time from address 

120 

150 

200 

250 

mi 

ta(s) Access time from chip select low 

60 

75 

100 

120 


ta(G) Access time from output enable low 

50 

60 

80 

100 

1 1 

tv(A) Output data valid after address change 

10 

15 

15 

15 

■ail 

t(jjs(S) Output disable time after chip select high 

40 

50 

60 

80 

mmi 

t(jjs(G) Output disable time after output enable high 

40 

50 

60 

80 

ns 

•dis(W) Output disable time after write enable low 

50 

60 

60 

80 

ns 

ten(S) Output enable time after chip select low 

5 

5 

10 

10 

ns 

ten(c) Output enable time after output enable low 

5 

5 

10 

10 

ns 

ten(W) Output enable time after write enable high 

5 

5 

10 

10 i 

ns 


NOTES: 3. Cl = 100 pF for all measurements except tjj|s(wi 3'^'* *en(W)- 

Cl = 5 pF for tdis(W) afid ‘enlW)- 
4. tjig and tgp parameters are sampled and not 100% tested. 
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TMS4016 

2048-WORD BY 8-BIT STATIC RAM 


PARAMETER MEASUREMENT INFORMATION 


+ 1.755 V 


OUTPUT 
UNDER TEST 



FIGURE 1 - OUTPUT LOAD 


timing waveform of read cycie (see note 5) 

h- 


■^c(rd)- 


X 


X 



All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 ns. 
NOTE 5: W is high for Read Cycle. 


Texas 

Instruments 

POST OFFICE BOX 225012 • DALLAS, TEXAS 75265 


8-17 


Static RAM and Memory Support Devices 




Static RAM and Memory Support Devices 


TMS4016 

2048-WORD BY 8-BIT STATIC RAM 


timing waveform of write cycle no. 1 (see note 6) 



timing waveform of write cycle no. 2 (see notes 6 and 11) 



All timing reference points are 0.8 V and 2.0 V on inputs and 0.6 V and 2.2 V on outputs (90% points). Input rise and fall times equal 10 nanoseconds. 


NOTES: 


6. W must be high during all address transitions. 

7. A write occurs during the overlap of a low S and a low W. 

8. th(A) is measured from the earlier of S or W going high to the end of the write cycle. 

9. During this period, I/O pins are in the output state so that the Input signals of opposite phase to the outputs must not be applied. 

10. If the S low transition occurs simultaneously with the W low transitions or after the W transition, output remains in a high impedance state. 

11. G is continuously low (G = y|L). 

12. If S is low during this period, I/O pins are in the output state. Data Input signals of opposite phase to the outputs must not be applied. 

13. Transition Is measured ±200 mV from steady-state voltage. 

14. If the S low transition occurs before the W low transition, then the data input signals of opposite phase to the outputs must not be applied 
for the duration of t(;}jg(\/y) after the W low transition. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MOS TMS4044, TMS40L44 

LSI 4096-WORD BY 1-BIT STATIC RAMS 

DECEMBER 1977 - REVISED MAY 1982 


• Single +5-V Supply |±10% Tolerance) 

• High Density 300-mil (7.62 mm) 18-Pin 
Package 

• Fully Static Operation (No Clocks, No Refresh, 

No Timing Strobe) 

• 4 Performance Ranges: 

ACCESS READ OR WRITE 



TIME 

CYCLE 


(MAX) 

(MIN) 

TMS4044-12, TMS40L44-12 

120 ns 

120 ns 

TMS4044-20, TMS40L44-20 

200 ns 

200 ns 

TMS4044-25, TMS40L44-25 

250 ns 

250 ns 

TMS4044-45, TMS40L44-45 

450 ns 

450 ns 


• 400-mV Guaranteed DC Noise Immunity 
with Standard TTL Loads - No Pull-Up 
Resistors Required 

o Common I/O Capability 

• 3-State Outputs and Chip Select Control for 
OR-Tie Capability 

• Fan-Out to 2 Series 74, 1 Series 74S, or 8 
Series 74LS TTL Loads 

• Low Power Dissipation 

MAX MAX 

(OPERATING) (STANDBY) 

TMS4044 303 mW 84 mW 

TMS40L44 220 mW 60 mW 


TMS4044/TMS40L44 . . . NL PACKAGE 
(TOP VIEW) 



description 

This series of static random-access memories is organized as 4096 words of 1 bit. Static design results in reduced 
overhead costs by elimination of refresh-clocking circuitry and by simplification of timing requirements. Because this 
series is fully static, chip select may be tied low to further simplify system timing. Output data is always available 
during a read cycle. 

All inputs and outputs are fully compatible with Series 74, 74S or 74LS TTL. No pull-up resistors are required. This 
4K Static RAM series is manufactured using Tl's reliable N-channel silicon-gate technology to optimize the cost/ 
performance relationship. All versions are characterized to retain data at Vcc = 2.4 V to reduce power dissipation. 

The TMS4044/40L44 series is offered in the 18-pin dual-in-line plastic (NL suffix) packages designed for insertion 
in mounting-hole rows on 300-mil (7.62 mm) centers. The series is guaranteed for operation from 0°C to 70°C. 
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Static RAM and Memory Support Devices 


TMS4044, TMS40L44 
4096-WORD BY l-BIT STATIC RAMS 


operation 

addresses (A0-A11) 

The twelve address inputs select one of the 4096 storage locations in the RAM. The address inputs must be stable 
for the duration of a write cycle. The address inputs can be driven directly from standard Series 54/74 TTL with no 
external pull-up resistors. 

chip select (S) 

The chip-select terminal, which can be driven directly from standard TTL circuits, affects the data-in and data-out 
terminals. When chip select is at a logic low level, both terminals are enabled. When chip select is high, data-in is 
inhibited and data-out is in the floating or high-impedance state. 

write enable (W) 

The read or write mode is selected through the write enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. The W input can be driven directly from standard TTL circuits. 

data-in (D) 

Data can be written into a selected device when the write enable input is low. The data-in terminal can be driven 
directly from standard TTL circuits.- 

data-out (Q) 

The three-state output buffer provides direct TTL compatibility with a fan-out of two Series 74 TTL gates, one Series 
74S TTL gate, or eight Series 74LS TTL gates. The output is in the high-impedance state when chip select (S) is high 
or whenever a write operation is being performed, facilitating device operation in common I/O systems. Data-out is 
the same polarity as data-in. 

Standby operation 

The standby mode, which will retain data while reducing power consumption, is attained by reducing the Vcc supply 
from 5 volts to 2.4 volts. When reducing supply voltage during the standby mode, S and W must be high to retain 
data. The Vqc transition rate should not exceed 26 mV/ms. During standby operation, data can not be read or written 
into the memory. When resuming normal operation, five cycle times must be allowed after normal supplies are return¬ 
ed for the memory to resume steady state operation conditions. 
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TMS4044, TMS40L44 
40g6-WORD BY 1-BiT STATIC RAMS 


logic symbol‘1' 


11 , 

G1 

1EN (READ] 
1C2 [WRITE] 




lA,2D 


AVh 


(7) 


FUNCTION TABLE 


1 INPUTS 1 

OUTPUT 

Q 

MODE 

S 

W 

H 

X 

Hl-Z 

DEVICE DISABLED 

L 

L 

Hl-Z 

WRITE 

L 

H 

DATA OUT 

READ 


^This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and 
recent decisions by IEEE and lEC. See explanation on page 10-1. 


absolute maximum ratings over operating free-air temperature (unless otherwise noted) ^ 


Supply voltage, Vcc (s^e Note 1). -0.5 V to 7 V 

Input voltage (any input) (see Note 1) . -1 V to 7 V 

Continuous power dissipation.. 1 W 

Operating free-air temperature range.. .. 0°C to 70°C 

Storage temperature range. -55°C to 150°C 


NOTE 1: Voltage values are with respect to the ground terminal. 


Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 


recommended operating conditions 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 


TMS4044-12 

Operating 

4.5 

5 

5.5 



TMS40L44-12 

Standby 

2.4 


5.5 



TMS4044-20 

Operating 

4.5 


5.5 


Supply voltage, Vcc 

TMS40L44-20 

Standby 

2.4 


5.5 


TMS4044-25 

TMS40L44-25 

TMS40L44-45 

Operating 

4.5 


5.5 



Standby 

2.4 


5.5 



TMS4044-45 

Operating 

4.5 


5.5 


Supply voltage, Vss 

0 

V 

High-level input voltage, Vih 

2 


5.5 

V 

Low-level input voltage, V|l (see Note 2) 

-1 


0.8 

V 

Operating free-air temperature, T/^ 

0 


70 

°c 



NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 
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Static RAM and Memory Support Devices 


TMS4044, TMS40L44 
4096-WORD BY 1-BIT STATIC RAMS 


electrical characteristics over recommended operating free-air temperature ranges (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN TYP^ 

MAX 


VOH 

High-level output voltage 

Iqh = “ 1 '0 mA 

Vcc = 4.5 V 


2.4 

BSH 

VOL 

Low-level output voltage 

Iol = 3'2 mA 

Vcc = 4.5 V 


0.4 

H9H 

h 

Input current 

V|=0Vto5.5V 

10 

JEMk 

loz 

Off-state output current 

^ at 2 V or 

W at 0.8 V 

Vo = 0 V to 5.5 V 

±10 

pA 




TMS40L44 

Vcc = MAX 

25 

40 





Vcc = 2.4 V 

15 

25 




l0 = 0 mA 

TMS4044-12 

Vqc = MAX 

50 

55 


Icc 

Supply current from V^c 

Ta = 0°C (worst case) 

TMS4044-20 

TMS4044-25 

Vcc = 2.4 V 

25 

35 

mA 




TMS4044-45 

Vcc = MAX 

50 

55 


Ci Input capacitance 

V| = 0 V, 
f=1 MHz 

8 

PF 

Co 

Output capacitance 

Vo = 0V, 
f=1 MHz 

8 

PF 


^All typical values are at Vc£; = 5 V, T/^ = 25“C. 


timing requirements over recommended supply voltage range, Ta = 0°C to 70 °C, 1 Series 74 TTL load, 
CL = 100pF 




TMS4044-12 

TMS4044-20 

TMS4044-25 

TMS4044-45 



PARAMETER 

TMS40L44-12 

TMS40L44-20 

TMS40L44-25 

TMS40L44-45 

UNIT 



MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 


tc(rd) 

Read cycle time 

120 

200 

250 

450 

ns 

tc(wr) 

Write cycle time 

120 

200 

250 

450 

ns 

tv(W) 

Address valid to end of write 

110 

180 

230 

230 

ns 

tw(W) 

Write pulse width 

60 

60 

75 

200 

ns 

'fsu(A) 

Address set up time 

0 

0 

0 

0 

ns 

tsu(S) 

Chip select set up time 

60 

60 

75 

200 

ns 

tsu(D) 

Data set up time 

50 , 

60 

75 

200 

HQI 

th(D) 

Data hold time 

0 

0 

0 

0 


th(A) 

Address hold time 

0 

0 

0 

0 

ns 
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TMS4044, TIVIS40L44 
40g6-WORD BY 1-BIT STATIC RAMS 


switching characteristics over recommended voltage range, = 0 °C to 70 °C. 1 Series 74 TTL load. Cl = 100 pF 


PARAMETER 

TMS4044-12 

TMS40L44-12 

TMS4044-20 

TMS40L44-20 

TMS4044-25 

TMS40L44-25 

TMS4044-45 

TMS40L44-45 

UNIT 

MIN MAX 

MIN MAX 

MIN MAX 

MIN MAX 

ta(A) Access time from address 

120 

200 

. 250 

450 

ns 

ta(S) Access time from chip select low 

70 

70 

100 

100 

ns 

ta(W) Access time from write enable high 

70 

70 

100 

100 

ns 

tv(A) Output data valid after address change 

20 

20 

20 

20 

ns 

^dis(S) Output disable time after chip select high 

50 

60 

60 

80 

ns 

^dis(W) Output disable time after write enable low 

50 

60 

60 

80 

ns 


read cycle timing (see Note 3) 



All timing reference points are 0.8 V and 2.0 V on inputs and 0,6 V and 2.2 V on outputs (90% points). Input rise and fall times = 10 ns. 
NOTE 3. Write enable is high for a read cycle. 
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TMS4044, TMS40L44 

40g6 W0RD BY 1-BIT STATIC RAMS 


early write cycle timing 


ADDRESS, A 


WRITE ENABLE, W 


CHIP SELECT, S 


INPUT DATA, D 


n 


ADDRESS VALID 



—I 


read-write cycle timing 


ADDRESS, A 


WRITE ENABLE, W 


CHIP SELECT, S 


INPUT DATA, D 



-Hl-Z-< VALID 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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MILITARY 

CMOS 

LSI 


2K X 8 Organization, Common I/O 
Single +5-V Supply 

Fully Static Operation (No Clocks, 

No Refresh) 

JEDEC Standard Pinout 

24-Pin 600-Mil (15,2 mm) Package 
Configuration 

Pin Compatible with TMS2516, TMS4016, 
MB8416, HM6116, and TC5517 

8-Bit Output for Use in Microprocessor- 
Based Systems 

3-State Outputs with 1 for OR-ties 

All Inputs and Outputs Fully TTL Compatible 

Fanout to One Series 54S/74S, Five Series 
54LS/74LS or Twenty Series 54ALS/74ALS 
TTL Loads 

Complementary Silicon Gate MOS 
Technology with a Six Transistor 
Memory Cell 

Power Dissipation: 

- Operating 150 mW Typical 

- Standby 5 mW Typical 

- Data Retention 50 /tW Typical 

Performance Ranges: 


SMJ5517-15 

SMJ5517-20 


ACCESS TIME (MAX) 
150 ns 
200 ns 


SMJ5517 

2048-WORD BY 8-BIT STATIC RAM 


DECEMBER 1983 


SMJ5517 . . . JD PACKAGE^ 
(TOP VIEW) 
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PIN NOMENCLATURE 

A0-A10 

Address 


DQ1- 

DQ8 

Data In/Data Out 



description Q Q Q 

The SMJ5517 static random-access memory is 

organized as 2048 words of 8-bits each. Fabricated _ 

using complementary silicon-gate MOS technology, PIN NOMENCLATURE 

the SMJ5517 operates at high speed and uses less A0-A10 Address 

power than conventional NMOS 2K x 8 static RAMs. DQ1-DQ8 Data In/Data Out 

It is fully compatible with Series 54/74, Series E Chip Enable/Power Down 

54S/74S, or 54LS/74LS TTL. Its static design means G Output Enable 

that no refresh clocking circuitry is needed and tim- Vcc +5-V Supply 

ing requirements are simplified. Access time is equal Vgs Ground 

to cycle time. A chip-enable control is provided for W Write Enable 

controlling the flow of data-in and data-out and 

another output enable function is included to allow 

faster access time. 

The SMJ5517 static RAM has the same standard pinout as Tl’s compatible 16K SRAMs, and EPROMs. This makes 
the SMJ5517 plug-in compatible with the '4016 and the '2516. Few modifications, if any, are needed for other 16K 

1 Low cost J package available soon. 
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SMJ5517 

2048-WORD BY 8-BIT STATIC RAM 


5-V SRAM or EPROM. This allows the microprocessor system designer complete flexibility in partitioning his memory 
board between read/write and nonvolatile storage. Of special importance is the data retention feature of the SMJ5517, 
as long as Vcc ^ 2 V, the device retains data indefinitely. 

The SMJ5517 is offered in a 24-pin dual-in-line ceramic sidebraze package (JD suffix) and in a 32-pad leadless ceramic 
chip carrier (FG). The JD package is designed for insertion in mounting-hole rows on 600-mil (15,2 mm) centers, whereas 
the FG package is intended for surface mounting on solder pads on 0.050-inch (1,27 mm) centers. The FG package 
offers a three layer rectangular chip carrier with dimensions 0.450x0.550 x 0.100 (11,43 x 1^,97 x2,54). 

operation 

addresses (AO-A10) 

The eleven address inputs select one of the 2048 8-bit words in the RAM. The address-inputs must be stable for 
the duration of a write cycle. 

chip enable/power down (E) 

The chip enable/power down terminal affects the data-in and data-out terminals and the internal functioning of the 
chip itself. Whenever the chip enable/power down is low (enabled), the device is operational, input and output ter¬ 
minals are enabled, and data can be read or written. When the chip enable/power down terminal is high (disabled), 
the device is deselected and put into a reduced-power standby mode. Data is retained during standby. 

output enable (G) 

The output-enable terminal affects only the data-out terminals. When output enable is at a logic high level, the output 
terminals are disabled to the high-impedance state. Output enable provides greater output control flexibility, simplify¬ 
ing data bus design. 

write enable (W) 

The read or write mode is selected through the write-enable terminal. A logic high selects the read mode; a logic low 
selects the write mode. W must be high when changing addresses to prevent erroneously writing data into a memory 
location. 

data-in/data-out (DQ1-DQ8) 

Data can be written into a selected device when the write-enable input is low. The three-state output buffer provides 
direct TTL compatibility with a fan-out of one Series 54S/74S, five Series 54LS/74LS, or twenty Series 54ALS/74ALS 
TTL loads. The D/Q terminals are in the high-impedance state when output enable (G) is high, chip enable (E) is high, 
or whenever a write operation is being performed. Data-out is the same polarity as data-in. 
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logic symbol'll 


AO 

A1 


A2 

A3 


A4 

A5 


A6 

A7 


AS 

A9 


A10 


( 8 ) 


(7) 


( 6 ) 


(5) 


(4) 


(3) 


( 2 ) 


( 1 ) 


(23) 


( 22 ) 


(19) 


- (18) 


- ( 20 ) 
G —— 
— ( 21 ) 
W- 


u 


u 


RAM 2048 X 8 




2047 


10 ^ 

[PWR OWN] 

G1 

G2 

1,2 EN [READ] 
1C3 [WRITE] 


DQ1 

OQ2 

003 

DQ4 

DOS 

DQ6 

DQ7 

DQ8 


(10)^^ 

A,3D 

A,Z4- 

V4 


(11)^^ 


(13)X 


(14)21 


(15)^^ 


(16)^^ 


(17)^^ 




FUNCTION TABLE 


W 

E 

G 

DQ1-DQ8 

MODE 

L 

L 

X 

VALID DATA 

WRITE 

H 

L 

L 

DATA OUTPUT 

READ 

X 

H 

X 

Hl-Z 

POWER DOWN 

H 

L 

H 

Hl-Z 

OUTPUT DISABLED 


1 This symbol is in accordance with IEEE Std 91/ANSI Y32.14 and recent decisions by IEEE and lEC. See explanation on page 10-1. 
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absolute maximum ratings over operating case temperature range (unless otherwise noted) ^ 


Supply voltage, Vcc (see (Mote 1) . -0.5 V to 7 V 

Input voltage (any input) (see Note 1) . -1 V to 7 V 

Continuous power dissipation ... 1 W 

Operating case temperature range . -55°Cto125°C 

Storage temperature range .. -55°Cto150°C 


1 Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions beyond those indicated in the "Recommended Operating Conditions" section of this specification 
is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability. 

NOTE 1: Voltage values are with respect to the Vss terminal. 
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recommended operating conditions 


PARAMETER 

MIN 

NOM MAX 

UNIT 

Supply voltage, 

4.5 

5 5.5 

V 

Supply voltage, Vss 

0 

V 

High-level input voltage, Vm 

2.2 

Vcc-0-2 

V 

Low-level input voltage, V|l (see Note 2) 

Vss- 

0.2 0.8 

V 

Operating case temperature, Tq 

-55 

125 

°c 


NOTE 2: The algebraic convention, where the more negative (less positive) limit is designated as minimum, is used in this data sheet for logic voltage levels only. 


electrical characteristics over recommended operating free-air temperature range (unless otherwise noted) 


PARAMETER 

TEST CONDITIONS 

MIN 

TYP^ 

MAX 

UNIT 

VOH 

High-level output voltage 

•oh = - 2 mA 

2.4 

V 

VoL 

Low-level output voltage 

Iql = 2 mA 

0.4 

V 

l| 

Input current 

All inputs except 

DQ1-DQ8 

V| = 0 V to 5.5 V, 

-1 1 

aA 

DQ1-DQ8 

inputs only 

Vcc = 5.5 V 

-5 


5 

aA 

Icci 

Operating supply current from Vcc 

Vcc = 5.5 V, 


30 

90 

mA 

ICC2 

Standby supply current from VcC 

iQ = 0, E = V|H MIN 

5 

mA 

'CC3 

Data retention supply current from Vcc 

E = Vcc -0.2 V 

100 

aA 

VCC(DR) 

Vcc required for data retention 

E = Vcc(DR) -0.2 V 

2 


5.5 

V 


t All typical values are at Vgc = 5 V, T(; = 25°C. 


timing requirements over recommended supply voltage range and operating case temperature range'!' 


PARAMETER 

SMJ5517-15 

SMJ5517-20 

UNIT 

MIN MAX 

MIN MAX 

fc(rd) 

Read cycle time 

150 

200 

ns 

^clWI 

Write cycle time 

150 

200 

ns 

tw(W) 

Write pulse duration 

90 

120 

ns 

'su(A) 

Address setup time 

10 

10 

ns 

tsu(E) 

Chip enable setup time 

90 

120 

ns 

fsu(D) 

Data setup time 

50 

70 

ns 

th(A) 

Address hold time 

10 

10 

ns 

th(D) 

Data hold time 

10 

10 

ns 

tAVWH 

Address valid to write enable high 

100 

130 

ns 



^ AC test conditions: 

Input pulse levels: 0.8 V and 2.2 V 

Input rise and fall times; tf = tf = 5 ns 

Input and output timing reference levels: 0.8 v and 2.2 V 

Output load: 1 TTL gate. Cl = 100 pF 
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switching characteristics over recommended supply voltage range and operating case temperature range')' 


PARAMETER 

SMJ5517-15 

SMJ5517-20 

UNIT 

MIN 

MAX 

MIN 

MAX 

ta(A) 

Access time from address 

150 

200 

ns 

ta(E) 

Access time from chip enable low 

150 

200 

ns 

<a(G) 

Access time from output enable low 

60 

70 

ns 

tv(A) 

Output data valid after address change 

10 

10 

ns 

tdis(E) 

Output disable time after chip enable high 

50 

60 

ns 

tdis(G) 

Output disable time after output enable high 

50 

60 

ns 

tdis(W) 

Output disable time after write enable low 

50 

50 

ns 

ten(E) 

Output enable time after chip enable low 

0 

0 

ns 

ten(G) 

Output enable time after output enable low 

0 

0 

ns 

^en(W) 

Output enable time after write enable high 

0 

0 

ns 


t AC test conditions; 

Input pulse levels: 0.8 V and 2.2 V 

Input rise and fall times: t^ = tf = 5 ns 

Input and output timing reference levels: 0.8 V and 2.2 V 

Output load: 1 TTL gate. Cl = 100 pF 


capacitance over recommended supply voltage and operating case temperature ranges, f = I MHz)^ 


1 PARAMETER 

TEST CONDITIONS 

TYP^ 

MAX 

UNIT 

Ci 

Input capacitance 

V| = 0 V, f = 1 MHz 

5 

10 

pF 

Co 

Output capacitance 

Vo = 0 V, f = 1 MHz 

5 

10 

pF 


t Capacitance measurements are made on a sample basis only, 
t Typical values are Tg = 25°C and nominal voltages. 
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PARAMETER MEASUREMENT INFORMATION 


V 


OUTPUT 
UNDER TEST 



•oh/'ol 


Cl = 100 pF 


FIGURE 1 - EQUIVALENT LOAD CIRCUIT 


timing waveform of read cycie (see note 3) 



All timing reference points are 0.8 V and 2.2 V. 
NOTE 3: W is high for Read Cycle. 
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timing waveform of write cycie no. 1 (see note 4) 



timing waveform of write cycie no. 2 (see notes 4 and 9) 
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ADDRESS 


DQ(out) 


DQ(in) 



All timing reference points are 0.8 V and 2.2 V. 


NOTES; 


4. W must be high during all address transitions. 

5. A write occurs during the overlap of a low E and a low W. 

6. tf,(A) is measured from the earlier of E or W going high to the end of the write cycle. 

7. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be applied. 

8. If the E low transition occurs simuitaneously with the W low transitions or after the W transition, output remains in a high impedance state. 

9. G is continuously low (G = V|l). 

10. If E is low during this period, I/O pins are in the output state. Data input signals of opposite phase to the outputs must not be applied. 

11. Transidon is measured ±200 mV from steady-state voltage. 

12. If the E low transition occurs before ^ W low transition, then the data input signals of opposite phase to the outputs must not be applied 
for the duration of tfjijiw) after the W low transition. 
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schematics of inputs and outputs 



Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 
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64K DYNAMIC RAM REFRESH ANALYSIS 
SYSTEM DESIGN CONSIDERATIONS 


64K SYSTEM HARDWARE 



128 CYCLE REFRESH 



256 CYCLE REFRESH 


• 8 bit address multiplexing and 
8 bit address bus are needed for 
either 256 or 128 cycle refresh 
on 64K. 

• 128 cycle 64K s require 1 less 
counter bit (7 vs. 8). This is, how¬ 
ever, unlikely to be a practical 
saving since counters/multiplex¬ 
ers come in 4 and 8 bit multiples. 

• 256 cycle/4 ms refresh approach 
allows the same oscillator timing 
(64 kHz) to be used when up¬ 
grading from 16K s (128 cycle/ 

2 ms period). 

• Systems designed for 256 cycle 
64K s can easily use 128 cycle 
64K s. 


Compatibility among all 64K Dynamic RAM vendors can be achieved by designing to Tl's 4164 
64K X 1 Dynamic RAM. The TMS 4164 requires all 256 rows to be refreshed within 4 ms. Com¬ 
petitive 64K DR AMs which are not able to achieve the 256 cycle, 4 ms refresh rate require twice 
the number of sense amplifiers as the TMS 4164 and half the number of refresh addresses. A 64K 
DRAM which requires the 128cycle, 2 ms refresh treats the 256 cycle, 4 ms refresh as two refresh 
events in 2 ms each. 

Simply; 256 cycle in 4 ms = 2 (128 cycle in 2 ms) 

The extra address bit, A7, during refresh is treated by these vendors as a don't care situation. 

The TMS 4164 has the same refresh rate as the 4116, 16K x 1 Dynamic RAM, which requires 
128 rows to be refreshed in 2 ms. Most 4116 based systems already contain the extra refresh 
counter bit required for upgrading to the 64K. Those implemented with the 74LS393, 8-bit 
counter already do. 

For a given cycle time, say 280 ns, the 256 cycle 4 ms refresh architecture of the TMS 4164 
requires the same refresh overhead as the 128 cycle 2 ms approach as can be seen by the follow¬ 
ing calculations: 


Refresh overhead = 


256 cycles 


128 cycles 


refresh cycles in given time 
available cycles in given time 4 ms/280 ns per cycle 2 ms/280 ns per cycle 


= 1 . 8 % 
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However, the TMS 4164 provides the user with the following advantages: 

— Half the number of sense amplifiers, small chip size, low cost. 

— Lower power yielding lower temperature and increased reliability. 

— More chip area devoted to memory array allowing greater detectable cell charge and 
improved performance. 

In summary, the TMS 4164 is compatible with 16K DRAMs and other 64K DRAMs since they are 
all refreshed at the same rate. An extra counter bit A7, introduced to the TMS 4164 during re¬ 
fresh will insure compatibility among ail 64K DRAMs. 


MOS Memory 
Applications Engineering 
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256-CYCLE REFRESH CONVERSION 





ADDRESS 7 TO MULTIPLEXER 


This may lx: implemetiled in <fiscfeto logic, with an SN74LS157 oi other sclieme. 


CIRCUIT TO CONVERT Z80 128-CYCLE REFRESH 
TO 256-CYCLE REFRESH REQUIRED BY TMS 4164 


Adding the circuit above to Z80-based systems increases availability and competitive pricing among 
those vendors who have announced 64K dynamic RAMsi including 

* TEXAS INSTRUMENTS 
— Fairchild 
— Inmos 
— National 
— Signetics 


Z80 users who are considering an upgrade in dynamic memory from 16K to 64K have much to 
gain by modifying the Z80 128-cycle refresh. The circuit shown above converts the Z80 128-cycle 
refresh to the 256-cycle refresh required by Tl's TMS 4164 64K dynamic RAM. Designing in the 
256-cycle refresh results in broader choice of 64K dynamic memory available to the designer. 
Designing with only 128-cycle capability severely limits the potential sources for 64K dynamic 
RAMs. 

Adding the circuit shown above to the Z80-based system also allovys the designer to take advan¬ 
tage of the TMS 4164's low cost and low power dissipation that result from using only half as 
many sense amplifiers as the 128-cycle approach. 
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EXPANSION OF 3242 FOR 256-CYCLE REFRESH 


3242 



RA0 RA7 ■ ROW ADDRESS 


CA0-CA7 - COLUMN ADDRESSES 


MAMAA6 ■ MEMORY ADDRESSES (INVERTED) 


MA7 - MEMORY ADDRESS INON INVERTED) 


Adding the above circuit to those systems which utilize a 3242 allows the use of 256-cycle- 
refresh parts. The circuit on the following page may also be incorporated into designs using the 
3242A where the zero-detect output is not available. 

These designs are presented to demonstrate possible implementation, however, particular system 
requirements may suggest alternate circuits to optimize component layout. 

NOTE; The SN74LS153 may be replaced with an SN74LS352 to obtain inverted signal for all 
memory addresses. 
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EXPANSION OF 3242A FOR 256-CYCLE REFRESH 


3242A 


RA0-RA7 


cack:a7 


REFRESH 

ENABLE 

ROW 

ENABLE 

COUNT 



MAO-MAG 


RA0-RA7 - ROW ADDRESS 


CA0-CA7 • COLUMN ADDRESS 


MA0^A6-MEMORY ADDRESS (INVERTED) MA7 • MEMORY ADDRESS (NON-INVERTED) 


★ This output may be used to implement 256-cycle refresh for 3232 devices in conjunction with the other half of 
theSN74LS153. 


In summary, these circuits show how to convert a system to a design with maximum flexibility 
that can use either 128-cycle or 256-cycle 64K dynamic RAMs. Meeting this requirement allows 
the use of any 64K RAM which will ultimately result in the lowest cost and most reliable system. 


MOS Memory 
Applications Engineering 
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TMS4164A AND TMS4416 
INPUT DIODE PROTECTION 


The 64K DRAM family from Texas Instruments has departed from conventional input schemes for DRAMs to 
provide the user with improved ESD protection and input clamping diodes for negative undershoot. Both 
enhancements of device capability are possible due to the use by Tl of a grounded epitaxial substrate in the 
manufacture of its 64K DRAMs. While the input circuit technique has provided the user with additional protec¬ 
tion and ease of use, it may cause anomalous testing results for the unwary test engineer who tires to drive the 
inputs to large negative voltages. 

Shown below is an equivalent circuit for the input circuitry of the TMS4164A and the TMS4416. 


EQUIVALENT CIRCUIT 



add'ress”] 

BUFFER j 


FIGURE 1 - EOUIVALENT INPUT CIRCUITRY 


The diode and transistor clamping circuit is the essential element in protecting the device from electrostatic 
discharge (ESD) damage. Figure 2 shows the physical layout of this circuit. 


J 
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FIGURE 2A - DIODE AND TRANSISTOR CLAMPING CIRCUIT FIGURE 2B - CROSS SECTION OF CLAMPING CIRCUIT 


The essential element of the circuit is the input diode (A), which is surrounded by a diffused guard ring (B) connected to Vss- 
This circuit can be viewed as a combination of a lateral NPN transistor, a bipolar diode, and a thick field transistor - all occu¬ 
pying the same area and connected to the input pad. The P-/P-I- substrate is both the base of the transistor and the anode 
of the diode. Both are connected to Vss through the resistance of the substrate from the surface of the chip to the backside. 
During an ESD with positive voltage, the input diffused area goes into reverse-bias breakdown, which turns on the bipolar 
transistor, thus clamping the input voltage. The action of the transistor is identical to second breakdown observed in conven¬ 
tional bipolar transistors. Once the transistor turns on, it can sink a large amount of transient current which is evenly 
distributed over the area of the input diffusion (collector of the lateral transistor). This avoids localized heating from the 
energy in the ESD. Localized heating could destroy the integrity of the input diode. For ESD with negative voltage, the diode 
and the transistor act to clamp the Input voltage. When the input voltage drops below - 0.7 V, the input diffusion appears as 
a cathode for a diode tied through the substrate resistance to ground. It also acts as an emitter for the lateral NPN transistor. 
Both elements turn on and tend to uniformly source the current in the input diffusion. 

The polysilicon resistor included in the input circuit serves to limit the amount of voltage that reaches the thin oxide 
associated with the address buffers and clock inputs. The dynamic impedance of the input clamping circuit is considerably 
lower than the resistance of the polysilicon resistor. 
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The input circuit also offers the advantage of clamping negative undershoots on the inputs during normal operation. While 
this provides advantage to the board and system designer, it can cause confusion for the test engineer unless he fully 
understands the limits of his tester. DRAMs have historically been specified with negative dc input voltages of -1 V. In addi¬ 
tion, they are often tested/characterized to - 3 V. This testing has been done to ensure that the devices will operate correct¬ 
ly with a negative input undershoot, which is transient. Such testing was required due to the inability of a MOSFET of 
reasonable size on the chip to clamp the negative-going input and due to the susceptibility of address input buffers on some 
MOS RAMs to negative input undershoots. The input clamping mechanism, provided on the TMS4164A and the TMS441 6, 
can supply sufficient current to clamp the input transient. 

Difficulty in testing the device with negative dc input voltages can occur due to the tester's output driver devices going into 
saturation when forward biasing the input diode. Also, most testers are unable to supply the large transient current require¬ 
ment during reversal of bias on the input diode and transistor. Both effects will result in distortion of the tester's waveforms. 
What may appear to be poor setup and hold time margins of the device may actually be a tester's inability to supply the cor¬ 
rect waveforms to the device at the proper time. 


The improvement in both ESD protection and signal undershoot on system boards offered by the input circuit may be 
overlooked if erroneous conclusions are drawn from incoming testing with negative dc input voltages below -0.7 V. 
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TESTER LIMITATIONS WITH PROGRAMMED INPUT LOW LEVELS OF LESS THAN - 0.7 V 


Driver distortion occurs when input low levels are programmed for values below -0.7 V. The input diode/lateral NPN tran¬ 
sistor shares a common PN junction which becomes forward biased at —0.7 V and below. The transistor collector, which is 
tied to Vss- carries most of the forward-bias current (see Figure 3). 




Vss 


•r»If 


FIGURE 3 - FORWARD- TO REVERSE-BIAS CURRENT 


The diode exhibits a classical forward- to reverse-bias recovery delay due to a momentarily large reverse current of amplitude 
limited only by the programmed reverse voltage V|h and driver output impedance R, i.e., the input approximates a momen¬ 
tary short circuit. An initially large short-circuit current plateau (Ir = V||-|/R) subsequently relaxes to the normal dc reverse- 
bias current Is (see Figure 4). The time from the positive transition edge, corresponding to t = 0 in Figure 4, to the point 
where the reverse current surge relaxes to 10% of the plateau value is the diode recovery time (toff). 



R: Driver impedance 

V|h: Address input high-level (reverse-bias) 

FIGURE 4 - FORWARD- TO REVERSE-BIAS RECOVERY CURRENT 
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Figure 5 shows how the driver output waveform is altered. During forward bias, the transistor clips the negative level at Vpg 
(in the range -0.7 V to - 1.4 V) with the V|l level programmed over the range of -0.7 V to - 6 V. During the initial reverse 
bias, the driver output voltage Vq is given by the programmed V|h level minus the iR drop across the driver output im¬ 
pedance, i.e., 

Vo = V|H - iR 

During the current plateau, the Vq value is essentially 0 V. The driver output voltage then recovers to the programmed value 
as the diode reverse current relaxes to the dc reverse-bias level Is. In effect, the toff value is a measure of the time that the 
output waveform is distorted if the unwary engineer programs V|l values significantly below -0.7 V. 



V|i,: Address input low-level (forward-bias) 

FIGURE 5 - ADDRESS DRIVER OUTPUT VOLTAGE 

The following equation derived from diode switching theory serves to estimate the magnitude of the toff values for input 
levels below -1 V. 

toff = 40 [r - [r/(r-l-1)] 2] ns 

where r = - (V(l -i- 1 )/V|h 
and V|L < - 1 V 
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The coefficient 40 ns is a characteristic of the diode structure and physical parameters of the material. For example, 
V|L = -3VandV|H = + 3 V give toff = 20 ns. This estimate is not accurate at very small forward-bias values, because it 
ignores the rise time of the driver's positive transition edge. As long as the predicted value is greater than or equal to the edge 
transition time, the estimate is good. It is assumed that driver output impedance has the same value R at both upper and 
lower levels, V||-| and V|l. 

The distortion in driver waveform, shown in Figure 5, increases as the driver input low level is progressively driven more 
negative. Depending on driver output impedence, only slight distortion is observed in the positive transition for input levels 
near -0.7 V to - 1 V. This irregularity corresponds to the onset of the recovery phenomenon short-circuiting the output of 
the driver.. Significant distortion occurs at large negative values of V|l, and the test engineer must be aware of this 
phenomenon to prevent erroneous conclusions as to the performance of the device. 


The input transistor provides great advantage to device use in a system environment. In a system, the negative undershoot 
of an address line is caused by transient transmission-line reflections (undershoot of negative-edge transitions). Here the in¬ 
put transistor clips much of the swing below - 0.7 V on the address line. Positive-edge transition from a settled negative ad¬ 
dress low level, which gives rise to the forward-to reverse-bias recovery delay, does not occur in the typical system environ¬ 
ment. 
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TMS4164 AND TMS4416 
INTERLOCK CLOCK 






The TMS4164 (64Kx1) and TMS4416 (16Kx4) dynamic RAMs use a novel interlocked clock to yield en¬ 
hanced immunity to process variations, temperature, and voltage induced parametric changes. The basic con¬ 
cept of an interlock clock structure is to provide a synchronous timing operation that eliminates race conditions. 
As an aid to understanding the interlock clock, an overview of the memory control structure and its functions 
will be presented first. 

The TMS4164 (Figure 1) and TMS4416 (Figure 2) need a minimum of 16 address bits to address all of their 
64K memory locations (216 = 65,536). Instead of physically using 16 address pins, the DRAMS only use 8 
address pins and receive the addresses in two parts of 8 bits each (8 (row) and 6 (column) in the case of the 
TMS4416). The first 8 addresses are called the row a ddress es; once stable on the address pins, they are latch¬ 
ed by the low going edge of the row address strobe (RAS) input. The 8 column a ddress bits are then set up 
on the 8 address pins and latched by the low going edge of the column address strobe (CAS) input. The TMS4416 
only uses 6 of the column address lines, disregarding AO and A7 (These will be utilized in next generation parts 
providing an address for 64K x 4 memories). This sharing of address lines is known as multiplexing which keeps 
the number of pins on a package to a minimum. 


The TMS4164 and TMS4416 use a square array of memory cells consisting of 256 rows and 256 columns 
which is divided into an upper and lower half. A word line (which corresponds to a row) is connected to the 
transfer gates of 256 cells that comprise a row of memory. The transfer gates control access to the data stored 
on the memory cell capacitor. The bit line (which corresponds to a half of a column) has for each half of the 
array 128 memory cells and 1 dummy cell connected to it via the transfer gates. Located physically between 
the two halves of the memory array are 256 sense amps whose inputs connect to the bit lines from each half 
of the array. The dummy cell provides the reference (Vref) fo a sense amp to determine the state of the memory 
cell. 

On an access cycle, the row decoders drive the selected word line high turning on all 256 transfer gates in the 
selected row and connect 1 memory cell to each bit line. Concurrently, dummy enable (DE) decodes and drives 
the transfer gates of one of the rows of dummy cells, and connects 1 dummy cell to each bit line on the opposite 
side of the sense amps. The dummy selection uses RA7 so that the row of dummy cells selected is on the op¬ 
posite side of the sense amp from the selected row of memory cells. Connecting the memory and dummy cells 
to their respective bit lines causes a differential voltage to be established at the inputs of the sense amps. This 
differential voltage is then detected by the sense amps whose outputs will change to reflect the detected state 
of the memory cells. After sensing is completed, the output of the sense amp is driven back onto the bit lines 
to refresh the memory cells. Signal restoration is necessary because an access results in a destructive read (the 
memory cells no longer contain valid data after the access). This is due to the large bit line capacitance 
(=600 fF) and the relatively small capacitance of the cell (50 fF). Connecting the cell to the bit line depletes 
the cell charge, and makes refresh necessary to ensure valid data retention. This restoration is transparent to 
the user but should not be confused with providing external refresh. After sensing is completed, the data on 
the bit lines can now be selected by the column decoders. The column decoders select 4 of the 256 sense amps 
using A0-A5 (TMS4164) and A1-A6 (TMS4416) for the selection. On the TMS4164, these 4 bits are further 
decoded by a 1 of 4 decoder using A6 and A7 (the 4 bit output of the TMS4416 eliminates the need for the 
1 of 4 decoder). This 1 of 4 selector acts as a bidirectional switch for data transfer to or from the sense amps. 
Now that the basic blocks and functions of a DRAM have been described, a detailed look at the interlock scheme 
will be presented. 
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A simplified logic representation of the clock structure is shown in Figures 1 and 2. The clock interlock points 
are shown as inverting input NAND gates. The inputs represent timing events that must be complete before 
the output of the inverting input NAND gate can trigger a third event; this system provides interlocking. Approx¬ 
imately 60-100 clock signals are generated in a DRAM to control the various functions (address latching, decode 
timing, sensing, data transfers within the device, etc.); approximately 15 of these have been represented. The 
following discussion briefly shows the operation of the TMS4164 and TMS4416 DRAMs. 


J 
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The falling edge of RAS causes R1 to latch the row addresses into the row address buffers and enables interlock point 
R2. The row addresses are then amplified and drive the row decoders for row selection. When RA0-RA7 are valid, the 
row address buffers output a signal to interlock point R2. A delay stage within R2 allows the row decoders time to complete 
their decoding before the output of R2 goes low. R2 going low enables the row decoders to drive the selected word line 
high. Interlock R2 ensures two things; the row addresses are valid, and decoding is complete before the selected word 
line is activated. Address RA7 causes dummy enable (DE) to select the row of dummy cells on the opposite side of the 
array from the selected row of memory cells. After row and dummy selection is completed, the decoders then drive the 
appropriate word lines high, connecting the memory and dummy cells to their corresponding bit lines. The differential voltage 
at the inputs of the sense amp is sensed, amplified, and driven back onto the bit lines; this refreshes the memory cells 
in the selected row. The sense amp control then outputs a signal to interlock RC1 that indicates sensing is complete. 

A high logic level on CAS ho lds t he reset on Q1 active and forces the Q output of the data out buffer into a high-impedance 
state. A logic low level on CAS removes the reset to allow clocking. 

The falling edge of CAS causes interlock Cl to go low (assu ming RAS low) driving C2 low t o latch the column addresses 
into the column address buffers. Interlock Cl ensures that the CAS cycle is inactive until RAS is low. The column addresses 
are then amplified and drive the column decoders for column selection. With CA0-CA7 valid, the column address buffers 
output a signal to interlock point C3. A delay stage within C3 allows the column decoders time to complete their decoding 
before the output of C3 goes low. C3 going low enables the column decoders to access the selected columns (4). Interlock 
C3 ensures two things; the column addresses are valid, and decoding is complete before the selected columns are access¬ 
ed. After selection is completed, data can now either be input or output depending on the W signal timing. Interlocks RC1 
and RC2 ensure that the sense amps are active and the proper column is selected before a read or write can take place. 

In the case of a read or read-modify-write cycle, the high logic level on the write line (W) prevents any transfer into the 
data in register by keeping the output of W1 high. The presence of CAS low and the output of RC1 low allo ws R C2's output 
to go low; this clocks the level of W into register Q1. Only in the case of an early write (W low prior to CAS low), when 
the output of Q1 is not clocked to a logic one, wiii the data out register be maintained in the high-impedance state. In any 
read cycle, the output of Q1 is a logic one and the data out register is enabled although data will not be valid until RAS 
and CAS access times are both satisfied. 

In a write cycle, the low logic level on W allows the output of W1 to go’ low which latches the data present at D (thus 
the latter of either CAS or W going low latches the data). The logic level at the output of the data out register will remain 
until CAS returns to a high level.( When CAS is high, the output will go to a high-impedance state.) Data out reflects the 
data read from the cell rather than the new data that is written for read-modify-write cycles. 

The RAS low time following sensing complete, is used to restore data to the memory cells currently selected by the word 
line (restoration after the desctuctive read). Any data that is changed by a write cycle causes alterations of the sense amplifier 
which then stores the new data in the memory cells. When RAS goes high, the word line is turned off and the cells now 
hold the data restored from the sense amps. RAS going high initializes a precharge state used to equalize the bit lines by 
charging them to full Vqd potential. Precharge is necessary to ensure the charge on the bit lines is equal on both sides 
of the sense amp. Another access cycle may begin once the precharge time has been met. 



The representation used in Figures 1 and 2 is a simplified logic diagram which does not depict all points of signal interlock¬ 
ing. It does however demonstrate the principle of an interlocked clock scheme. The signal generation and timing becomes 
very critical as device delays decrease. In many dynamic RAI\/!s there are over 100 timing signals used to control internal 
operations, and these timing signals are generated using delay chains without interlocking. The signal skew resulting from 
non-interlocked timing increases device sensitivity to operating conditions and process variations. Although the interlock 
clock is transparent to the user, its incorporation on the TMS4164 and TMS4416 offers greater component reliability and 
avoids timing race conditions inherent in previous generation DRAMs. 
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Texas Instruments reserves the right to make changes at any time in order to improve design and to suppiy the best product possible. 

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance or product 
specifications, since Tl does not possess fuii access to data concerning the use or appiications of customer's products. Tl aiso assumes no responsibiiity 
for customer product designs. 
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INTRODUCTION TO SURFACE MOUNT TECHNOLOGY 


ABSTRACT 

The demand for high-density, cost-effective printed circuit 
boards has prompted the electronics industry to seek alter¬ 
native methods to traditional plated-through-hole technology. 
One such alternative is surface mounting, a technology tradi¬ 
tionally used in hybrid fabrication. The advantages of sur¬ 
face mounting are numerous but the bottom line is that it 
is cost effective and will begin to displace plated-through- 
hole technology as the availability of surface-mount com¬ 
ponents increases. 

Texas Instruments is fully supporting the growth of the 
surface-mount industry with its line of plastic leaded chip 
carriers. An introduction to the surface-mount technology 
will be given in this application report. 

INTRODUCTION 

The post molded leaded chip carrier (PLCC) was 
developed by Texas Instruments in 1980 to improve the pack¬ 
ing density of ICs on printed circuit (PC) boards and over¬ 
come some of the size constraints normally caused by dual¬ 
in-line (DIP) packages. The PLCC was also designed to be 
used under the same environmental conditions as the DIP 
without any reliability degradation. The PLCC occupies ap¬ 
proximately 40% to 60% of the PC board area of an 
equivalent DIP, and requires no through holes (surface 
mount), therefore, it lowers the cost on PC boards. Unlike 
some surface-mounted packages, TI’s PLCC requires no 
special PC board material considerations. The design of the 


lead provides compliance allowing the use of any commer¬ 
cial substrate. Digital, Linear, Gate Array, andMOS devices 
will be offered in 18-, 20-, 28-, 44-, 52-, 68-, and 84-pin 
packages through TI. 

Package Outline 

The mechanical data for the PLCCs is given in Figures 
1 and 2; their thermal properties are listed in Table I. The 
following general statements apply to the packages: 

1. Each of the chip carrier packages consists of a circuit 
mounted on a lead frame and encapsulated within an 
electrically nonconductive plastic compound. The com¬ 
pound withstands soldering temperatures with no defor¬ 
mation, and circuit performance characteristics remain 
stable when the devices are operated in high humidity 
conditions. 

2. These packages are intended for surface mounting on 
solder pads with 1,27-mm (0.050-inch) centers. The 
leads require no additional cleaning or processing when 
used in soldered assembly. 

All dimensions shown are metric units (millimeters), 
with English units (inches) shown parenthetically. Inch 
dimensions govern. 

4. Lead spacing shall be measured within the zones 
specified. 

5. Tolerances are noncumulative. 

6. Lead material CD-155. T60 (Copper Alloy). 

7. Dimple in top of package denotes pin 1. 


3. 
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Figure 2. FN Plastic Chip Carrier Package 
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J-Lead Advantage 

Texas Instruments PLCC packages are constructed with 
the J-lead structure due to its superior performance when 
mounted on a wide spectrum of substrates ranging from 
ceramic to epoxy-glass. Ihis is possible due to the complian¬ 
cy of the J-lead which compensates for the possible thermal 
mismatch between plastic packages aixl mounting substrates. 


More care must be taken when using ceramic leadless chip 
carriers mounted on nonceramic substrates in order to pre¬ 
vent solder joint fracturing under thermal cycling. The J-lead 
also offers advantages over plastic surface-mount packages 
using different lead structures. Figure 3 gives a comparison 
of the J-lead used on the PLCC to the “gull wing” com¬ 
monly used on small-outline integrated circuits (SOICs) 
and “quad packs.” 


GULL WING 



DEVICE AREA (16 L-PIN SOIC) = 111.6 mm^ 
(0.173 In2) 


ADVANTAGES 

- PROVEN PROCESS 

- POSITIVE SOLDER "WITNESS" 

- EASY AUTO-POSITIONING 

- NESTED STACKING (PERIPHERAL) 


DISADVANTAGES 

- EXTENDS X-Y SIZE 

- LEADS SUBJECT TO DAMAGE 

- HIGH PIN COUNT PACKAGES IMPRACTICAL 


J-LEAD 



DEVICE AREA (18-PIN PLCC) = 98,6 mm^ 
(0.153 In2) 
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ADVANTAGES DISADVANTAGES 

- PROVEN PROCESS - TOTAL PACKAGE-HEIGHT THICKER THAN SOIC 

- LEADS ARE CDMPLIANT, USEABLE WITH - INFRARED (IR) REFLOW DIFFICULT 

PC BOARD AND CERAMIC SUBSTRATES 

- MINIMUM X-Y SIZE, MAXIMUM BOARD DENSITY 

- EASY AUTO POSITIONING 

- LEADS WELL PROTECTED 

- EASY REPLACEMENT 

- SOCKETING EASY 

- JEDEC STANDARDS EXIST 

- STAND-OFF FROM THE BOARD ALLOWS EASY CLEANING 

- LARGEST LINE OF AVAILABLE PACKAGES; 

FROM 18 TO 68 LEADS. HIGHER PIN COUNTS UNDER 
DEVELOPMENT 


Figure 3. Gull Wing Vs. J-Lead 


9-18 



Area Savings with PLCC 

The PC board area savings that can be realized with the 
PLCC is best demonstrated by a comparison of two Texas 
Instruments one. megabyte memory boards (see Figure 4). 
The DIP board is eight layers, measuring 279,4 mm 
(11 inches) by 355,6 mim (14 inches) with 226 ICs. The 


PLCC board is four layers, measuring 165,1 mm (6.5 inches) 
by 243,84 mm (9.6 inches) also with 226 ICs. The savings 
that can be realized with the PLCC board amounts to 60% 
less board area at an overall cost savings of approximately 
55 %. This illustrates the viability of surface mount as a low 
cost means of improving circuit board density while reduc¬ 
ing PC layout complexity. 



Figure 4. PLCC and DIP One Megabyte Memory Expansion Boards 
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Surface Mount Component Availability 

Most IC manufacturers are presently producing surface- 
mount components for a large part of their product line. The 
devices available range from the soj^sticated VLSI to the 
discrete transistor. Non-integrated circuit components rang¬ 
ing from chip resistors and capacitors to surface-mount con¬ 
nectors are also being produced in volume by major manufac¬ 
turers. As the demand for surface-mount con^nents in¬ 
creases, most products now produced for standard through- 
hole technology will also be available in surface mount. As 
of the printing of this application report TT produces over 
700 ICs in surface mount packages. 

Surface mounting consists of five basic steps: 

1. PC board design 

2. Solder paste application 

3. Component mounting 

4. Oven drying (optional) 

5. Solder reflow 


A brief description of each step will be given; detailed 
descriptions of the various steps can be obtained by compo¬ 
nent and equipment suppliers and from numerous technical 
articles on surface mounting. 

PC Board Design 

To produce reliable surface-mount PC boards the designer 
has to pay particular attention to IC solder pad (also termed 
footprint) layout. Not providing adequate footprint area and 
proper orientation will generally yield poor solder joints and 
lack of self-centering during reflow. Figure 5 shows the 
recommended footprints for the 18-pin PLCC. When lay¬ 
ing out the IC footprints, as a general rale the footprint should 
extend approximately 10-15 mils past the outer edge of the 
PLCC 1^. This provides a good solder fillet that will ex¬ 
tend up the outer edge of the PLCC lead to yield a reliable 
solder joint that is easily inspected. The 70-80 mO length 
of the fooq)rint should be a minimum, however a longer foot¬ 
print can be used. It is recommended that the dimensions 
A and B never be less than the minimum width or length 
of the IC. 



Figure 5. 18-Pin PLCC Footprint 
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Solder Paste Application 

Solder paste can be applied using several methods: screen¬ 
ing through a stencil or stainless steel mesh, pneumatic 
dispensing or by hand application with a syringe. Texas 
Instruments recommends screening through a stainless steel 
screen. The screen mesh must be chosen in accordance with 
the mesh of the solder paste to provide an adequate emul¬ 
sion of the solder paste and to prevent screen clogging. In 
general an 80-100 mesh screen should be used with 200 mesh 
or finer solder paste particle. There are a number of factors 
that need to be considered when selecting a solder paste, a 
few key factors are as follows: 

1. Particle size 

2. Particle shape 

3. Percentage of metal content 

4. Temperature range 

Component Placement 

The components can be placed via several different modes 
into the still moist solder paste. In a production environment, 
the components are most efficiently placed with an automatic 
pick-and-place machine to achieve both speed and accuracy. 
Presently, pick-and-place machines can place between 600 
and 600,000 components per hour and are priced according¬ 
ly. In a research and development environment, hand place¬ 
ment can be adequate due to the forgiving nature of surface 
mounting. When a component is placed off center it will tend 
to self-align during reflow due to the surface tension of the 
molten solder. Naturally there are limits to the amount of 
misalignment that can be corrected. Two important aspects 
of self-alignment are provision of adequate solder pad area, 
and proper placement of the solder pads with respect to the 
component. 

Oven Drying 

As solder pastes have evolved over the past several years, 
the drying process following component placement is not 
always necessary. In the past, drying was necessary to drive 
out the solvents in the solder paste. If the solvents were not 
driven out, the formation of solder balls was frequent due 
to the out gassing of the solvents prior to reflow. Today 
manufacturers of solder pastes report that drying is no longer 
necessary when using many of the new solder paste formula¬ 
tions. As a wide variety of solder pastes exists, it is necessary 
to consult the manufacturer before determining if drying is 
necessary in your process. 

Solder Reflow 

While several methods of solder reflow are available, 
vapor phase soldering has been the most successful and is 
becoming the industry standard. 


Two types of vapor phase systems are the batch and the 
in-line.The batch system is a two-vapor system that uses a 
fluoroinert liquid such as FC-70 for the primary vapor and 
a clorofluorocarbon such as trichlorotrifluoroethane (R113) 
as the secondary liquid (see Figure 6). The secondary liquid 
has a lower boiling point (47.6°C) than the primary liquid 
(215°C) thus acting as a blanket to prevent loss of the ex¬ 
pensive primary liquid. The in-line system (see Figure 7) 
is a single-vapor system using only a primary vapor (such 
as FC-70). The batch system is the forerunner of the in-line 
and is more suited to development and small production 
where the in-line is tailored to a mass production atmosphere 
requiring good throughput and minimal operating expense. 
Although the two systems are targeted to different markets 
their basic operation is the same. Both are capable of single 
and double sided surface mount. 

Batch System Operation 

The PC board complete with components is placed on an 
elevator and lowered into the secondary vapor. The elevator 
ascent-descent rate and dwell in the two vapor zones can be 
preset via the vapor phase machine front panel. The descent 
rate and hold time in the secondary zone should be set so 
as not to unnecessarily disrupt the secondary vapor blanket 
or cause defluxing of the solder paste. Lowering the board 
into the 215°C primary zone causes the solder to reflow. 
A dwell time of 10-30 seconds in the primary zone is general¬ 
ly sufficient for most PC boards. The dwell time in the 
primary zone is a function of the PC board mass. Once the 
solder is reflowed, the PC board is raised back into the secon¬ 
dary zone where the molten solder is allowed to solidify. 
In Ae batch system it is necessary to pay particular atten¬ 
tion to the ascent-descent rate of the elevator as the disrup¬ 
tion of the two-vapor zones will cause unnecessary loss of 
the expensive primary liquid. 

In-Line System Operation 


The operation of the in-line system is similar to that of 
the batch system except that there are no secondary vapor 
or dwell times with which to contend. The PC board is placed 
on a conveyor belt that transports it through the system at 
a constant speed. Passing through the vapor zone the solder 
becomes molten and solidifies as it moves toward the systems 
exit. Where the ascent-descent rate and dwell time are critical 
to the batch system, the conveyor speed is critical to the in¬ 
line system. The speed at which the conveyor should be set 
is also a function of the PC board mass. 
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Figure 6. Vapor Phase Reflow System with Secondary Vapor Blanket 
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Figure 7. In-Line Single Vapor Heating System Schematic 
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Cleanup 


CONCLUSION 


Following the soldering process, it is necessary to remove 
the flux residues. These residues can be removed by tradi¬ 
tional cleanup methods if the components have approximately 
5 mils clearance to the PC board. One benefit of the PLCC 
with its J-leads is that it provides approximately 29 mils of 
clearance. Special soaking, agitation, or other methods will 
be necessary to provide adequate cleanup for components 
with less that 5 mils of clearance. 


A brief overview of surface-mount technology has been 
given showing its advantages over standard plated-through- 
hole technology. Surface mounting is a cost-effective, sen¬ 
sible solution to the ever increasing demand for denser cir¬ 
cuit boards. Detailed information about surface mounting is 
available from most major component and equipment 
manufacturers and through numerous technical articles on 
the subject. As the electronics industry strives to implement 
more functions in a given area, Texas Instruments believes 
surface mounting will become the predominant mounting 
technology of the future. 


MOS Memory 
Applications Engineering 
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TTL DRIVERS FOR THE TMS4416-15 




Some form of drive circuitry is needed when DRAMs are used with processors, such as the Z-80 or Z-8000. One 
possible solution involves the use of a precision delay line; however, a more cost-effective and efficient approach 
uses TTL devices as drivers. Two versions of TTL driver circuits are shown in Figures 1 and 2. The first figure 
shows the drive circuit for a memory array using TMS4416-1 5 DRAMs and the Z-80 processor; Figure 2 shows 
the same array configured for use with the Z-8000 processor. Both circuits are designed to drive 256K bytes of 
memory arranged in either 8- or 1 6-bit words. They provide all DRAM control signals, address multiplexing, and 
refresh address generation. The circuits shown for the Z-80 and the Z-8000 use the hidden refresh provided by 
these devices so that refresh/access arbitration is not necessary. Time delays were selected to provide maximum 
performance from the TMS4416-15 with off-the-shelf components. (Enhanced operation could be obtained by 
hand sei.ecting components for single applications.) A comparison of the two circuits will reveal the differences 
between the two. The following description applies to both circuits. 

The memory array is arranged as 4 banks of 8 TMS4416s. Two TBP18S030 PROMs decode and generate the 
control signals for the drive circuit. BAD and BA1 are used to select which bank of memory will be accessed. 
MREQ and ACCESS are NORed and then delayed by 3 inverters to provide a CAS signal. The MUX signal that 
is used to switch the 74S153 multiplexers and propagate the column address to the memories is taken from 
the output of the first inverter in the CAS delay. CAS is connected to all the devices in the array. (Since RAS 
acts as a chip enable, CAS will only activate the memories in the bank that has RAS active; this keeps the power 
consumption of the array lower than using CAS as select logic.) Two CAS drivers are used to reduce the effects 
of the capacitive load of the DRAM CAS inputs. (This also improves drive characteristics and reduces noise.) 
Serips damping resistors have been added to reduce ringing on the address lines. These resistors should be 
between 15 and 68 ohms, depending on the circuit board layout, and can be determined by examining the 
address waveforms with an oscilloscope and selecting a value that produces the cleanest signal. The desired 
8- or 16-bit data word from the active bank is selected using RO, R1, and the READ line. RO and R1 can be 
address lines from the Z-8001 or they can be generated from memory mapping logic. If the READ input is low 
during an access cycle, the output enable of the TMS4416 will be activated (RDA-RDD); a high input to READ 
will select a write output (WRA-WRD). Using this matrix, the memory can be divided into sixteen 16Kx8 or 
eight 16Kx16 blocks. The desired word width of the data output will be dependent on the microprocessor 
being used. For an 8-bit data bus the two data busses shown in the diagram would be connected in parallel. 
Since the Z-80 only directly accesses 64K of memory, bank select logic must be included in this memory system 
to provide higher order address lines. The design of the bank select circuitry has been left up to the user, but 
might include memory mapping or other logic. 
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FIGURE 1 - TMS4416 DRIVE CIRCUIT FOR THE Z-80 PROCESSOR 
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FIGURE 2 - TMS4416 DRIVE CIRCUIT FOR THE Z-8000 
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An external refresh counter has been added to the drive circuit for the Z-80 since the Z-80 internal refresh counter does 
not support 256 cycle refresh. (Application Brief DR-7 shows a circuit to add the extra refresh address bits similar to the 
implementation used here.) As the Z-8000 provides 9-refresh-address bits, its internal refresh counter was used. 

A description of the signals used in both circuits previously illustrated is given in Table 1. Due to slight differences in the 
signals available from the Z-80 and Z-8000 processors, a slight modification of the interface between the processor and the 
TTL drive circuits shown will be required. The differences in the interface are shown in Figure 3. The DS signal is generated 
from the Z-80's RD and WR lines. The B/W input should be tied to a 5-1 0 kilohm pullup resistor. The RFSH signal can be 
decoded from the status lines of the Z-8000 as shown with the 74S138; however, it could also be done with other types 
of logic if desired. The address of the Z-8000A is only guaranteed valid for 35 ns so the address latches are necessary 
when using DRAMs with this microprocessor. MREQ is used to enable the 74LS373 transparent latches for both memory 
accesses and refresh cycles. 

TABLE 1 - SIGNAL DESCRIPTION 


SIGNAL NAME 

DESCRIPTION 

MR«i 

From the Z-80 or Z-8000, indicates address valid 

BAO, BA1 

Address for RAS selection, decoded from high order addresses. 

BS 

Board select to designate DRAM access, decoded from high order addresses. 


Z-80 output or decoded from the Z-8000 status outputs. Signals a refresh cycle. 

DS 

Z-8000 output indicating data valid on the multiplexed address/data lines. 

RO, R1 

Address for read or write selection, decoded from high order addresses. 

RE^ 

If low, indicates a memory read and if high, indicates a memory write. 

B/W 

Indicates if the Z-8000 is doing a 8-or 16-bit memory access. 

A0-A1 5 

Z-80 address outputs 

ADO-AD 15 

Z-8000 multiplexed address/data lines 


Z-80 


Z-8000 
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FIGURE 3 - INTERFACE CIRCUITRY DIFFERENCES 
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Tables 2 and 3 list the data for the PROMs to provide the control signals. Both the binary and hexadecimal programming data 
have been supplied. 


TABLE 2 - PROM A PROGRAM 


PIN 

NAME 

A3 

A2 

A1 

AO 

D7 

D6 

D5 

D4 

D3 

HEX 

FIGURE 

NAME 










RFSH 

BS 

BA1 

BAO 

RASO 

RAS1 

RAS2 

RAS3 

ACCESS 



0 

X 

X 

X 

0 

0 

0 

0 

1 

OF 


1 

0 

0 

0 

0 

1 

1 

1 

0 

77 


1 

0 

0 

1 

1 

0 

1 


0 

B7 


1 

0 

1 

0 

1 

1 

0 

1 

0 

D7 


1 

0 

1 

1 

1 

1 

1 

0 

0 

E7 


1 

1 

0 

0 

1 

1 

1 

1 

1 

FF 


1 

1 

0 

1 

1 

1 

1 

1 

1 

FF 


1 

1 

1 

0 

1 

1 

1 

1 

1 

FF 


1 

1 

1 

1 

1 

1 

1 

1 

1 

FF 


TABLE 3- PROM B PROGRAM 


PIN 

NAME 

G 

A3 

A2 

A1 

AO 

D7 

D6 

D5 

D4 

D3 

D2 

D1 

DO 

HEX 

FIGURE 

NAME 

DS 

B/W 


R1 

RO 









READ 

RDA 

RDB 

RDC 

ROD 

WRA 

WRB 

WRC 

WRD 


0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

3F 


0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

3F 


0 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

CF 


0 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

1 

1 

CF 


0 

0 

1 

0 

0 

1 

1 

1 

1 

0 

0 

1 

1 

F3 


0 

0 

1 

0 

1 

1 

1 

1 

1 

0 

0 

1 

1 

F3 


0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

0 

FC 


0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

0 

FC 


0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

7F 


0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

BF 


0 

1 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

DF 


0 

1 

0 

1 

1 

1 

1 

1 

0 

1 

1 

1 

1 

EF 


0 

1 

1 

0 

0 

1 

1 

1 

1 

0 

1 

1 

1 

F7 


0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

1 

FB 


0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

1 

0 

1 

FD 


0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

0 

FE 


1 

X 

X 

X 

X 

1 

1 

1 

1 

1 

1 

1 

1 

FF 


The TTL drive circuits previously described allow the TMS4416-15 to operate at maximum speed. Although there are many 
ways to provide the necessary control signals for DRAMs, the drive circuits described will provide insight into the control 
logic that is necessary to use dynamic RAMs. TTL circuitry was selected in order to avoid the cost of a precision delay line. 
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TMS4416/7220 GRAPHICS 


As the increased activity in computer graphics grows, the 
need for dedicated graphics peripherals and video memory 
becomes apparent. The NEC 7220 is currently a good answer 
for a high resolution single chip graphics controller. The 7220 
provides all of the necessary graphics primatives for line, 
arc, and rectangle drawing, as well as area fill routines. 
Signal timings are easily adapted with external logic to pro¬ 
vide the proper memory and video timings, with program¬ 
mable features allowing the user to do in software what has 
typically been implemented in hardware. To take advantage 
of the 7220’s wide spectrum of operation requires a memory 
that is also well adapted to graphics applications. The 
TMS4416 16K X 4 dynamic RAM provides such a memory, 
with modularity and bandwidth advantages over 64K x 1 
memories. The architecture of the TMS4416 provides an out¬ 
put enable function (relieving the need for databus buffers), 
faster access times and a 4X bandwidth improvement over 
XI devices of the same speed. Although 64K x 1 nibble mode 
parts out perform standard 64K x Is, they can not match the 
bandwidth of the TMS4416 and they require more memory 
control circuitry to perform the same function. The modulari¬ 
ty of the TMS4416 offers efficient memory usage in many 
applications and is well suited for both single and multiplane 
memory systems. 

This application report describes a design coupling the 
7220 and the TMS4416 in a single plane, bit mapped graphics 
system. The main objective is to provide a detailed example 
of the necessary memory interface. While the design does 
not use all of the capabilities of the 7220 (DMA, Zoom, Light 
Pen, etc.) ,it does provide an easily adaptable example that 
can be tailored to many applications. This particular system 
can be switched between a 512x240 noninterlaced and 
512x480 interlaced display by changing a single 7220 
parameter byte. To simplify the host interface an existing 
Z80A based computer was used to communicate to the 7220 
in a Multibus* system, with all the programming done in 
BASIC. 

To evaluate the design, calculations of the memory and 
video requirements will be given with a brief discussion of 
key points of interest. Measured drawing times for an arc 
and area fill are included to provide some feel for the draw¬ 
ing speed of the 7220. 

Referring to the schematic (Figure 1), the graphics board 
can be divided into five functioned blocks: Multibus* inter¬ 
face, 7220, memory control, display memory, and video out¬ 
put circuitry. Four of the blocks will be discussed while a 
detailed understanding of the 7220 is left to the reader (NEC 
provides a 7220 Design Manual which is essential to under¬ 
stand 7220 operation). 

A simple Multibus interface has been implemented for 
control of the graphics system. The low order eight bits of 
the data bus are buffered with a 74LS640 transceiver. This 
transceiver is controlled by lORC and output YO of the 

♦Trademark of Intel Corporation. 


74LS138 (bo ard se lect logic). The KD and WR signals are 
derived from lORC and lOWC in conjunction with the board 
select. The XACK signal, required to terminate all I/O opera¬ 
tions is generated by using the board select to enable a 
74LS241 whose input is tied to ground. The Multibus signal 
timings were sufficient to meet the 7220 specifications 
without the use of complicated logic. 

The memory array is made up of four TMS4416s pro¬ 
viding 262,144 pixels. With the CAS circuitry shown, the 
memory space can be upgraded to sixteen TMS4416s for 
1,048,576 pixels which allows the maximum display resolu¬ 
tion (1024 X 1024) of the 7220 to be implemented. The 
TMS4416 offers improved modularity over the 64K x 1 
(which relates to less wasted memory space) and is well 
adapted for multiplane memory systems. A four plane color 
system of 512 x 512 display resolution requires sixteen 64K 
DRAMs. For the TMS4416 application, the memory breaks 
into four physically separate planes which are simultaneously 
accessed once per display cycle. With 64K x Is, the four 
memory planes reside in the same physical memory, and re¬ 
quire four separate accesses to memory per display cycle. 
This significantly reduces the obtainable bandwidth and also 
requires the addition of complex control circuitry. The out¬ 
put enable function and common I/O of the TMS4416 
alleviate the need for databus buffering further reducing the 
circuit component count. 

The memory control timing is generated by dividing the 
dot clock with a 74S163 and using the appropriate outputs 
to clock several 74LS74s for proper placement of the memory 
control signals. This approach may seem complicated, 
however it allows maximum flexibility in generating the con¬ 
trol signals by the choice of the clock connections. The fall¬ 
ing edge of ALE takes RAS low, latches the memory ad¬ 
dresses and enables the 74LS74s in the memory control cir¬ 
cuitry (see Figure 2). On the next rising edge of 2 x WCLK 
(edge A), MUX goes low switching the memory addresses 
from row to column via two 74S157s. The row addresses 
correspond to 7220 addresses AD-0 through AD-7 and the 
column addresses correspond to AD-8 throu gh AD-13 . The 
next rising edge of clock A (edge B) takes CASSTB low. 
CASSTB is then used in conjunction with AD-14 and AD-15 
to derive four CAS signals through a 74LS139 for easy 
memo ry expansi on. It is necessary to select the memory with 
CAS instead of RAS, because the 7220 does not provide a 
status indicating the type of memory operation to be perform¬ 
ed (display, refresh, or RMW). (Normally RAS is used for 
memory selectio n to re duce system power consumption and 
noise induced by RAS switching currents.) The rising edge 
of clock C (edge C) after CAS, takes the memory output 
enable (G) signal low. The G signal is controlled such that 
it is only active on display and RM W cycle s; for refresh 
cycles, G is held high by the 7220 DBIN and BLANK 
signals. Generating four CAS signals and a single G signal 
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allows the use of multiple rows of memory since both CAS 
and G have to be low for the TMS4416 outputs to be active 
(see TMS4416 operation, 1982 MOS Memory Data Book). 
The cycle is terminated by the rising edge of ALE (edge G). 

On RMW cycles, the 7220 uses the DBIN signal to gate 
data from the memory ont o the b us signifying the read opera¬ 
tion. The rising edge of DBIN is then used to disable the 
G signal terminating the read portion of the cycle (see 
Figure 3). The 7220 does not provide a separate write signal 
so the memory control circuit must use the presence of DBIN 
to g enerat e the write signal. This is accomplished by shift¬ 
ing DBIN two clock C cycles (edge E) with two 74LS74s. 
Again the rising edge of ALE terminates the memory cycle 
(edge G). 

The 7220 runs at a relatively slow clock speed (1.4 MHz) 
in this design allowing the use of Low Power Schottky com¬ 
ponents for most of the memory control circuitry. The 
necessary memory calculations given below show the actual 
margins and also provide an easy means for determining the 
maximum speed of the design with Schottky components. 
The critical memory timings to be c overe d are: RAS 
precharge, row address setup and hold, CAS access, data 
valid to write enable time and refresh interval. 

RAS Precharge Time 

tRP = tRW - tS(74LS08) 
where; tRW = ALE width (MIN, 7220 Spec.) 

ts = Skew between tpHL ^^d tpLH. 74LS08 
thus: tRP = [1/3(705) - 10] ns 

= 225 ns 


CAS Access Time 

A. Display 

tCAC = 7(tDCLK) - tPLH(74S163) 

- tpHL(74LS74) - tPHL(74LS139) 

- tsu(74S299) 

where: tDCLK = Dot clock cycle time 

thus; tCAC = [7(88) - 15 - 40 - 33 - 7] ns 
= 521 ns 

B. RMW cycles 

tCAC = 5.5(tcLKA) “ tpHL(74S04) 

- tpHL(74LS74) “ tpHL(74LS139) 

- tDIS 

where; tcLKA = Clock A cycle 

tDIS = Input data setup to 2 x CCLK (MIN, 
7220 Spec) 

thus; tCAC = [5.5(176) - 5 - 40 - 33 — 40] ns 
= 850 ns 

Data Valid to Write Enable 

tDS = l/2(tCLK) - tAD - tpLH(74S04) 

+ tpLH(74LS74) 

thus: tDS = [1/2(705) - 5 - 130 -1- 6] ns 

= 223.5 ns 

Refresh Interval 


Row Address Setup Time 

tASR = l/2(tCLK) - tAD “ tpLH(74LS373) 

- tPLH(74S157) + tRF 

- tpHL(74LS08) 

where: tcLK = 2 x WCLK cycle time 

tAD = Address/data delay from 2 x CCLK 
(MAX, 7220 Spec.) 

tRF = ale delay from 2 xCCLK (MIN, 7220 
Spec.) 

thus: tASR = [1/2(705) - 130 - 18 - 7.5 4- 20 

-t- 4] ns 
= 221 ns 

Row Address Hold Time 

tRAH = l/2(tCLK) - tPHL(74LS08) 

+ tPLH(74LS74) + tpHL(74S157) 

thus; tRAH = [1/2(705) - 20 -I- 6 -f 6] ns 
= 344.5 ns 


For this circuit the least significant address lines cor¬ 
respond to the DRAM row addresses which are incremented 
every display cycle. This provides a refresh rate given by: 

Refresh Interval = (256/number of display words) 

X line time 
= (256/32) X63.5 iis 
= .5 ms 


Therefore the memory is refreshed by normal display 
accesses and the 7220 refresh feature is not needed for this 
design. 

A comparison of the previous calculations to the DRAM 
specification indicates there are no memory speed restric¬ 
tions for the design. To attain the maximum speed of this 
particular design, Schottky components may be substituted 
and the appropriate parameters placed into the above equa¬ 
tions to determine the maximum dot clock frequency. By us¬ 
ing high performance logic, a dot clock rate of approximately 
22 MHz can be used. 
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The video output circuitry closely resembles that pro¬ 
vided in the 7220 Design Manual. The major difference be¬ 
ing the manner in which the 74S299 load pulse is generated. 
It was decided to use the ripple carry out of a 74S163 in¬ 
stead of gating the clock outputs together. The CAS signal 
enables the 74S163 and six dot clocks later (edge F) the rip¬ 
ple carry out will go high (see Figure 2) providing a video 
load pulse at the end of the display cycle (edge G). This 
reduces hardware and provides an easy means for varying 
the position of the load pulse within the memory cycle if 
necessary. Some applications may require the video load 
pulse to occur earlier in the display cycle which is ac¬ 
complished by changing the input strapping of the 74S163. 
A video load pulse will occur on every memory access; 
however, on refresh and RMW cycles, the display is blank¬ 
ed preventing any disturbance of the display. Since the first 
word of video information on each horizontal scan is not valid 
until the end of the first display cycle, video unblanking must 
be delayed for one display cycle. This is accomplished by 
clocking the 7220 BLANK signal with the NAND result of 
the inverted dot clock and ripple carry out through a 74S74. 
The video is then synchronized with the dot clock and out¬ 
put to the monitor. A 74LS123 is used to provide the proper 
horizontal and vertical drive signals to the monitor. Although 
the 7220 can be programmed for the horizontal sync width 
and the vertical sync width, some monitors require long drive 
times that can only be implemented with external logic. 

Providing the correct video information to the monitor 
requires several calculations to determine the necessary 
parameters that must be supplied to the 7220 upon initializa¬ 
tion. The 7220 Design Manual goes through detailed calcula¬ 
tions for determining these parameters when the designer is 
in the specification stage of a design. For this design the 
monitor specifications and dot clock rate were assumed and 
the other parameters derived accordingly. The necessary 
specifications and calculations are given below. 


Horizontal frequency = 15.75 kHz 
Vertical frequency = 60 Hz 
Horizontal blanking = 11 /ts nominal 
Vertical blanking = 900 ns nominal 
Dot clock = 11.34 MHz 
2 X WCLK = 1.42 MHz (Dot clock/8) 

Word time = 1.41 /ts [2(1/2 x WCLK)] 

Line time = 63.5 /4S (1/Horizontal frequency) 

Pixel time = 88.18 ns (1/Dot clock) 

From the line time and pixel time, the total number of 
pixels per horizontal scan can be calculated. 


Pixels = tuNE/tPIXEL 
= 63.5 fis/88.18 ns 
= 720 


The total number of words per horizontal scan is given 
by: 

Wt = Pixels/16 
= 720/16 
= 45 

(Since the 7220 uses a 16-bit word) 


The total word count is then divided between displayed 
words and blanked words. For the monitor used, the only 
restriction on the horizontal parameters is that the sum of 
horizontal front porch, back porch and sync be approximately 
equal to the nominal horizontal blanking time (11 /iS). The 
horizontal drive to the monitor is set by the 74LS123. A 
horizontal resolution of 512 pixels would require 32 display 
words and leave 13 words for horizontal blanking. Setting 
Horizontal Back Porch (HBP) = 5, Horizontal Front Porch 
(HFP) = 5, and Horizontal Sync (HS) = 3 meets all 7220 
constraints except for light pen use (requires HFP > 6 
words), and also satisfies the monitor horizontal blanking 
time. 


Horizontal blank = 13xl.41;is 
= 18.33 US' 

Calculations to determine the vertical blanking parameter 
must also be made. 

Total number of lines = (1/vertical frequency)/line time 
= (l/60)/63.5 ns 
= 262.3 (use 263) 


The total number of lines is also broken into active and 
blanked lines. In this application it was desired to neglect 
aspect ratios and display as much on the screen as possible 
and stay within the monitor specifications. For this reason, 
it was decided to display 240 lines and blank 23 lines for 
512x240 noninterlaced and 512x480 interlaced display 
resolution. Again the vertical drive is set by a 74LS123 and 
there are no restrictions placed on the breakdown of the ver¬ 
tical blank parameters by the monitor or the 7220, allowing 
random division of the 23 blanked lines. The following 
parameters were chosen: Vertical Back Porch (VBP) = 3 
lines. Vertical Front Porch (VFP) = 2 lines, and Vertical 
Sync (VS) = 18 lines. 

Vertical blank = Blanked lines x one line time 
= 23 x63.5 ns 
= 1.46 ms 



Several points of interest relating to the choice of the 
horizontal and vertical parameters are given in the follow¬ 
ing paragraphs. 

A. Dynamic RAM refresh, if necessary, is only done dur¬ 
ing horizontal and vertical sync which needs to be long 
enough to allow sufficient memory refresh. 
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B. If dynamic RAM refresh is enabled, then drawing can 
only be done during front and back porch times. This 
can degrade drawing time significantly if these times are 
short. 

C. To maximize the drawing time and reduce wasted cycles, 
the horizontal parameters should be chosen in accor¬ 
dance with memory refresh requirements. When 
memory refresh is needed, the horizontal front and back 
porch parameters should be selected as multiples of 2 
word times (one RMW cycle equals 2 word times) if 
possible. 

Example; For HBP = 5, two RMW cycles (4 word times) 
would be performed and one cycle (1 word time) 
would be wasted. Choosing HBP equal to four 
or six eliminates the one wasted state. Of course, 
minimum 7220 requirements must be met also. 

The parameters for this design were choosen for no 
refresh operation and to support as many 7220 operating 
modes as possible. Table I gives a quick summary of the 
video parameters. 


These parameters can then be translated into a format 
needed to program the 7220 (see Table II). Writing these 
commands and parameters to the correct 7220 address loca¬ 
tion (AO = 0, Parameter into FIFO; AO = 1, Command 
into FIFO) results in setting the video control commands, 
ends idle mode and unblanks the display. Upon initializa¬ 
tion, the 7220 can then be programmed for drawing using 
the various graphics primatives. The 7220 Design Manual 
contains numerous examples illustrating the necessary steps 
for drawing. To switch to 512x480 interlaced mode 
parameter PI of the Reset command needs to be changed 
to IB hex (see Table II) and the Cursor and Character 
Characteristics (CCHAR) command needs to be set ap¬ 
propriately (Blink Rate parameter greater than zero). 


Table /. Video Parameters 


Parameter 

Value 

Parameter 

Value 

Active Words 

32 

Active Lines 

240 

Blanked Words 

13 

Blanked Lines 

23 

HS 

3 

VS 

18 

HBP 

5 

VBP 

3 

HFP 

5 

VFP 

2 


Table II. 7220 Initialization Data 


Commands 

And 

Parameters 

Address AO 

Data (Hex) 

Function 

Reset 

-1 

00 

Reset to idle state 

PI 

0 

12* 


P2 

0 

IE 

Active words-2 

P3 

0 

42 

HS-1, VS low bits 

P4 

0 

12 

VS high bits, HFP-1 

P5 

0 

04 

HBP-1 

P6 

0 

02 

VFP 

P7 

0 

FO 

Active display lines 

P8 

0 

OC 

VBP 

VSYNC 

1 

6F 

Master video sync 

START 

1 

6B 

End idle mode 


*Set for graphics mode, noninterlaced, no refresh, drawing during retrace only; for interlaced operation PI = IB (hex). 
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To illustrate the drawing speed of the 7220, drawing times 
for arc and area fill routines with and without memory refresh 
were measured. The 7220 also provides Flash Mode draw¬ 
ing where drawing is done during display and retrace. While 
this yields extremely fast drawing times there is considerable 
disturbance to the display when drawing is in progress. The 
drawing time results are shown in Table III. 


This Application Report has demonstrated how a 
designer might incorporate the TMS4416 into a graphics 
system with the 7220. No attempt has been made to detail 
the interface or communication between the host processor 
and the 7220 as so many variants exist (see 7220 Design 
Manual). The TMS4416 requires minimal circuitry to 
generate a dense, low cost, high performance memory ar¬ 
ray for the 7220. 
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Table III. Drawing Times 


Routine 

Pixels Drawn 

Refresh 

No Refresh 

Flash Mode 

Arc 

Radius = 96 

69 

1,079 ns 

704 /iS 

191.8 iis 

Area Fill 

X = 400 
y = 200 

80,000 

926.9 ms 

686 ms 

227.4 ms 
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f 1 


This application note illustrates memory system implementation using the TMS4416/TMS4500A evaluation 
board (Photo shown in Figure 1). The board measures 3” X 5.5" and is populated with a TMS4500A DRAM 
controller and 16 TMS4416s (16K X 4 Dynamic RAMs); this system provides for 128K bytes of static appear¬ 
ing memory and requires a single 5-volt supply. The interconnection bus at the board edge and the flexibility of 
the TMS4500A makes the board adaptive to almost any system. This board was developed by Texas 
Instruments to allow construction of several processor systems without redesign of the memory section for each 
system. It is beyond the scope of this article to cover every microprocessor interface, although several popular 
microprocessor interfaces are covered in the TMS4500A User's Manual. 
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The TMS4416/TMS4500A board is arranged as two rows of 8 devices (see Figure 2). Row 0 and Row 1 are selected by 
the RASO and RAS1 signals, respectively. The board is then subdivided into four blocks of 32K bytes that are controlled 
by the WR1-WR4 and RD1-RD4 signals. The strapping of WR1-WR4 and RD1-RD4 allows the board to be configured as 
32K X 32 bits, 64K X 16 bits, or 128K X 8 bits. Table 1 shows the typical strapping needed for the various word widths. 
Several examples of how the WR and RD signals can be used will show the versatility of the TMS4416/TMS4500A board. 


BLOCK 0 BLOCK 1 BLOCK 2 BLOCK 3 




TABLE 1 - READ AND WRITE SIGNAL STRAPPING CONFIGURATION 


CONFIGURATION 

SIGNAL STRAPPING 

TYPE OF CONTROL 

128K X 8 

SWRI = WR1,5WR2 = WR2, 5WR3 =WR3, SWR4 = WR4 

S^1 = r5i , SRD2 = ^2, SRD3 = "RDa, SM4 = r64 

Separate Control 

64K X 16 

SWRI = ^1 = ^2, S^2 = WR3 = WR4 

S^1 = RD1 = rd2, SRD2 = RD3 = ■rD4 

Combined Pairs 

32K X 32 

SWRI =■^1 =■^2 = WR3 = m4 

SRD1 = ■rdI = RD2 = RD3 = RD4 

All Combined 


Write signal for any block. 

Read signal for any block. 

= User supplied system write signal. 
= User supplied system read signal. 


1. WRX = 

2. ^X = 

3. si^X = 

4. 'SRDX = 


The REN1 input on the TMS4500A selects which row of devices is selected by controlling the RAS (Row Address Strobe) 
signals (REN1 low selects RASO, REN1 high selects RAS1). When a row of memory is accessed (RASO low or RAS1 low), all 
the devices in that row are active which allows the user to manipulate each half-block within a row separately or collectively. 
As an example, strapping WR1-WR4 and RD1-RD4 for 64K X 16 operation as shown in Table 1 combines the 32-bit data 
bus to form two 16-bit data busses that can be used in 16-bit systems as shown in Figure 3. The I/O function is controlled by 
the combination of WR1-WR2, RD1-RD2 (Blocks 1 and 2) and WR3-WR4, RD3-RD4 (Blocks 3 and 4). It is then possible to 
read and/or write to each block by appropriate control of the WR and RD signals. 
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Another example takes advantage of having a 32-bit word available but only an 8-bit data bus. To take advantage of this, a 
74LS1 39 selects the WR and RD signals and D0-D7 of each block are tied together to form an 8-bit bus (See Figure 4). A 
write cycle enables 1G allowing the 1A and 1B signals to select the block to be written to. A read cycle enables 2G allowing 
the 2A and 28 signals to select which block will be read. On a read cycle, the 2A and 28 signals can be sequenced, causing 
successive activation of the RD lines to rapidly access all 32 bits over the 8-bit bus (See Figure 5). This configuration makes 
full use of the output enable (G) function on the TMS4416 to decrease memory access times. Similarly the WR lines can be 
manipulated to accomplish fast writes into the DRAM array. 




FIGURE 4 - 128K X 8 FAST ACCESS CONFIGURATION 
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FIGURE S-FAST ACCESS READ TIMING 


The upgrade to next generation parts and expanded memory requirements are also taken into account on the 
TMS441 6/TMS4500A board. When 64K X 4 parts become available, they will be pin-compatible with the 16K X 4, allow¬ 
ing the user to upgrade his board to 512K bytes of memory with no added interfacing. The TMS4416 disregards two of the 
column addresses supplied to it from the TMS4500A (CAO, CA7) which are not needed to address its 1 6K of memory. 
These two extra address lines will be used to complete the addressing needed for the 64K X 4 making upgrade a matter of in¬ 
stalling the new devices. 

The TMS4416/TMS4500A memory board demonstrates the use of a versatile, and expandable memory suitable for most 
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TM S4500 A 
ALE AND ACX TIMING 


This application brief describes the timing diagrams for several configurations that can be achieved with the 
TMS4500A by controlling ALE and ACX. (ACX refers to either ACR or ACW.) Example timing diagrams are given 
that illustrate the pertinent edge timings of ALE and ACX and their impact on system timing requirements. 

The timing diagram given in Figure 1 shows ALE leading ACX. The falling edge of ALE latches the CS, REN1, 
RA0-RA7, and CA0-CA7 inputs (not shown in the diagram); if CS is valid, RAS will go low t^EL-REL aftef ALE 
low. ACX going low has two functions: the MA0-I\/IA7 outputs are switched from the row addresses to the 
column addresses, and CAS will go low when these addresses become valid. The access time of the TMS4500A 
(ALE low to CAS low) is specified as tAEL-CEL providing ACX goes low less than tAEL-CEL “ '^ACL-CEL ^fter 
ALE. If this condition is not met then the access time increases and CAS low is measured from the low-going 
edge of ACX instead of ALE (tACL-CEL)- The rising edge of ALE brings RAS high and causes the inputs at RA0-RA7 
to be ou tput as addresses on MA0-IV1A7. (Input latches for RA0-RA7 are transparent latches.) The rising edge 
of ACX brings CAS high and terminates the memory access cycle. The edge placements of ALE and ACX can 
vary from this example giving rise to RAS and CAS timings not explicitly shown in the MOS Memory Data Book 
as explained below. 

Figure 2 illustrates the case where ALE overlaps ACX. In this case, the falling edges of ALE and ACX have the 
same function as explained in the first example although the rising edges take on a little different function. Referring 
to Figure 2, it can be seen that the rising edge of RAS, CAS, and the switching of MAO-MA7 are controlled 
by the rising edge of ACX. The rising edge of ALE has no control in this example. Because ACX brings RAS 
high, the precharge time (tpp) required by DRAMs is initiated from the rising edge of ACX and terminated by 
the subsequent falling edge of ALE. This timing can be helpful in a system that cannot meet RAS precharge 
time initiated from ALE. 


V. 
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FIGURE 2 - ALE OVERLAPPING ACX 
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The next example shows ACX prior to or coincident with ALE (see Figure 3). When ACX falls prior to or coincident with 
ALE, the falling edges of RAS, CAS, and the switching of MAO-MA? are controlled by the falling edge of ALE. In this case, 
the TMS4500A provides several of the memory timing signals. First, the row address hold time (RAS low to MA0-MA7 
switching) is guaranteed to be a minimum of 30 ns (tREL-MAX^i value satisfies the row address hold times (tpAH) 
of TMS4164/TMS4416 (-1 5 and -20) DRAMs. Secondly, ALE low to CAS low (tAEL-CEL) is within a guaranteed maximum. 
The rising edges of ALE and ACX have the same functions as described in the second example. In many applications, ALE 
and ACX can be tied together to take advantage of this "automatic timing feature" of the TMS4500A. 


Figure 4 illustrates the case where ACX overlaps ALE. In this case, the falling edges of ALE and ACX have the same func¬ 
tion as described in the third example: that is, ALE controlling RAS, CAS, and the switching of MA0-MA7. The rising edges 
of ALE and ACX have the same function as described in the first example: that is, ALE controlling RAS and the switching 
of MA0-MA7 while ACX controls CAS. 
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ALE 



FIGURE 3 - ACX PRIOR TO OR COINCIDENT WITH ALE 



Figures 1 and 4 show the case where ALE rises prior to ACX; in this case the TMS4500A can be used to perform hidden 
refresh (see Figure 5). The hidden refresh feature currently implemented on several DRAMs allows refresh to be performed 
while data out of the DRAM is still valid. This is accomplished by holding CAS low, supplying a refresh address, then strob¬ 
ing RAS. The timing sequence required to accomplish this with the TMS4500A is as follows. During a memory access if 
refresh request (REFREQ) goes low, a hidden refresh may be performed by holding ACX low and bringing ALE high. The 
TMS4500A does refresh arbitration on the falling edge of the clock (edge A); with REFREQ acknowledged and ALE high, 
a refresh will be granted. The refresh address will then be present at MA0-MA7 and RAS will go low tcH-RRL affst the 
next rising edge of CLK (edge B). RAS will remain low for one or two clock cycles (one cycle for three-cycle refresh and 
two cycles for four-cycle refresh) and go high tCH-RRH after the rising edge of CLK (edge D). ACX going high brings CAS 
high as previously explained. When operating in this mode, it is necessary to pay particular attention to the timing of ALE 
high to CLK low in order to meet DRAM RAS precharge times. 
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The ALE high to CLK low time is given by: 

tAEH-CL = tRP - tw(CL) - tCH-RRL + tAEH-REH + tt(REH) 
where tAEN-CL ~ ALE high to CLK low 

tRp = memory precharge time (from DRAM spec.) 

^w(CL) = CLK low time 

tcH-RRL CLK high to refresh RAS starting low* 
tAEH-REH = ale high to RAS starting high 
tt(REH) = F*AS rise time 

‘Multiply by a skew factor (0.9) because the maximum skew between starting high and starting low edges 
are required. 

Given this equation, the timing of ALE cari be obtained to meet the memory precharge times when operating the TMS4500A 
in this mode. 
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Figures 6 and 7 show how the edge timings of ALE and ACX described in the previous examples affect the RAS and CAS 
timings on access grant cycles. An access grant cycle occurs when ALE goes low during a refresh cycle. In this case the 
timing of ALE low to ACX low determines the timing of RAS and CAS low with respect to CLK. If ACX falls more than 
20 ns after ALE during a refresh cycle, the TMS4500A will follow the timing shown in Figure 6. If ACX falls prior to or 
less than 2 ns after ALE during a refres h cyc le, the TMS4500A will follow the timing shown in Figure 7. The difference 
between the two timing diagrams is the CAS timing with respect to CLK. On access grant cycles, the falling edge of ALE 
causes the RDY signal to go low; RDY low is generally used to hold off the processor until the refresh cycle is complete. 
The refresh timings of RAS, CAS, and MA0-MA7 are identical to the fifth example with respect to CLK edges A, B, C, 
and D. CLK edge E i n Fig ures 6 and 7 terminates th e ref resh cycle and initiates the access grant cycle by bringing the RDY 
signal high and the RAS signal low.l In Figure 6 (ACX falling more than 20 ns after ALE), the CAS signal is timed from 
the su bsequent falling edge of CLK after the access gra nt cyc le is initiated (CLK F) and will go low tCL-CEL later. In Figure 7 
(ACX falling prior to or less than 2 ns after ALE), the CAS signal is timed from the rising edge of CLK that initiated the 
access grant cycle (CLK E) and will go low tcH-CEL later. This diagram shows that CAS will fall approximately one-half 
CLK cycle earlier in Figure 7 than CAS in Figure 6; this timing arrangement decreases the access time a fter refresh. In both 
of these access grant examples, the cycle is terminated by the low-to-high transition of ALE and ACX as described above. 
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• Timing of RDY for TWST = 1 is shown by dashed lines. 

FIGURE 6 - ACCESS GRANT (ALE LEADING OR OVERLAPPING ACX) 


' When operating with no wait states (TWST = 0), the timing is as described. When operating with wait states (TWST = 1), the RDY signal is extended 
low for one more CLK cycle as shown in the drawing by the dashed line. 
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Timing of RDY for TWST = 1 is shown by dashed lines. 

FIGURE 7 - ACCESS GRANT (ACX PRIOR TO. COINCIDENT, OR OVERLAPPING ALE) 

The examples given have shown how the edge timings of ALE and ACX of the TMS4500A effect the RAS, CAS, and MA0-MA7 
outputs. Table 1 provides a quick reference and summary showing which input controls which output(s) for the example 
timing diagrams given in Figures 1 through 4. 

TABLE 1 - ALE AND ACX FUNCTIONS 


TIMING DIAGRAM 

SIGNAL TRANSITIONS 

RASl 

RASt 

CASI 

.CASI 

MA0-MA7 

ROW TO COL. 

MA0-MA7 

COL. TO ROW 

CASI 

ACCESS GRANTS 

ACTUATING SIGNALS 

Figure 1 

ALE Leading ACX 

ALEl 

ALEl 

ACXl 

ACXt 

ACXl 

ALEl 

CLKl (Fig. 6) 

Figure 2 

ALE Overlapping ACX 

ALEl 

ACXt 

ACXl 

■^I 

■^1 

ACXl 

CLKl (Fig. 6) 

Figure 3 

ACX Prior To Or 

Coincident With ALE 

ALEl 

ACX I 

ALEl 

ACXt 

ALEl 

ACXl 

CLKl (Fig. 7) 

Figure 4 

ACX Overlapping ALE 

ALEl 
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ACXl 
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Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance 
or product specifications, since Tl does not possess full access to data concerning the use or applications of customer's products. Tl also assumes 
no responsibility for customer product designs. 
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TMS4500A DRAM CONTROLLER CONFIGURED FOR THE 
TMS99000 SERIES 16-BIT MICROPROCESSORS 


The TMS4500A dynamic RAM controller can be used in various configurations with TMS99000 series 16-bit 
microprocessors.'' A medium-speed version and its timing diagram are shown in Figures 1 and 2, respectively. 
A high-speed version and its timing diagram are shown in Figures 3 and 4, respectively. Two memory configura¬ 
tions are also shown: a bulk memory configuration and a modular array. The bulk memory configuration uses 
32 TMS4164 dynamic RAMs arranged as 128K of 16-bit words (see Figure 5). The modular memory array is 
comprised of 16 TMS4416 16K X 4 dynamic RAMs arranged as 64K of 16-bit words (see Figure 6). The modular 
array can be reduced in 16K word increments to a system that is 16K words deep for less memory-intensive 
applications. In addition, signals have also been provided to increase the memory depth to 128K words. In the 
paragraphs that follow, a description of both speed versions will precede a six-point analysis of the design criteria 
presented in the "TMS4500A Dynamic RAM Controller Users Manual.” Both versions will be analyzed to en¬ 
sure a proper match of timing signals between processor and memory. 

The 15 address lines (A0-A14) and PSEL are latched by two 74S373 8-bit data latches as shown in Figure 1.2 
Latched addresses A1-A4 are used to address three 16X4 bipolar RAMs in order to generate eight higher-order 
memory address lines. These RAMs are used as a memory mapping function to increase the memory space of 
the TMS99000. Four of the higher order address lines are decoded into chip selects for all memory-mapped 
devices. On powerup and reset, the TMS99000 fetches the reset trap vector located at memory address OOOOh- 
Since PSEL is forced high for this fetch, the three memory-map RAMs are deselected, allowing their outputs 
to be pulled high by the 10k pullup resistors. This deselects the merhory decoder and enables EPROM. Part of 
the reset service routine residing in EPROM should include instructions to load the memory mapper. The memory 
mapper is addressed using the I/O interface of the TMS99000 that has both serial and parallel bit manipulation 
capabilities. 

Address lines A1-A4 are used to address the memory-map RAMs. AO is set to a one for parallel I/O transfers 
(see TMS99000 Data Book). Additional I/O ports could be addressed by using the Y6 output (I/O transfer) of 
the bus status decoder to enable an I/O decoder connected to the address latch outputs. Because of tfie large 
memory address space provided by the memory mapper, however, it was felt that all additional I/O ports could 
be memory-mapped. 

' All references to the TMS99000 apply to both the TMS99105A and TMS99110A microprocessors. 

2 It should be noted that the TMS99000 uses the convention that AO to A14 represent the most to least significant address bits, respectively. 
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See Text 


FIGURE 1 - TIVIS99105A/TMS99110A AND MEMORY MAPPING CIRCUITRY (3 MHz VERSION) 
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FIGURE 2 - TIMING DIAGRAM FOR TMS99105A OR TMS99110A AND TMS4500A INTERFACE (3 MHz VERSION) 


In the high-speed version, the 74LS610 memory mapper has been added to replace the function of the 74S189 bipolar 
RAMs. Also, additional logic has been incorporated to allow the TMS99000 control signals to access dynamic memory 
at the higher speed. ALATCH is gated with a D-type flip-flop that allows ALE to fall after the falling edge of CLOCK follow¬ 
ing ALATCH going low. This allows the DRAMs to meet their specified RAS precharge time. A schottky flip-flop and a low- 
power schottky inverter are used to ensure that ALE falls at least 10 ns after CLOCK does. Since the TMS4500A will not 
generate READY in time for the TMS99000, this signal must be generated externally. This is done by detecting SLOMEM 
and using it to force READY low. SLOMEM is sampled by the TMS99000 READY input only when ALE is high so as to 
prevent placing the TMS99000 in an endless wait state. Once READY has initially gone low, it is kept low on DRAM memory 
cycles by RDY from the TMS4500A. It is finally returned high on the rising edge of CLOCK following RDY returning high. 
This will insert two wait states into each dynamic memory access cycle and one wait state for other slow memory (such 
as EPROM) cycles. If high speed static memory is used in the system, it should use SLOMEM = logic 1 status as a chip select. 

Next, in order to use the TMS4500A as an interface between dynamic memory and any processor, the following specifica¬ 
tions should be checked: 



1. Refresh time 

2. Memory precharge time 

3. ALE to CLK relationship 

4. Row address setup and hold times 

5. Data valid to write enable time 

6. Read access time. 


First, the specifications for the medium-speed version will be checked to determine the memory speed, strap selection, 
and any logic modifications that might be necessary. For this example, assume that the TMS99000 has an input CLKIN 
frequency of 12 MHz (CLKOUT = 3 MHz). 
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FIGURE 3 ~ TMS99105A/TMS99110A AND MEMORY MAPPING CIRCUITRY (5 MHz VERSION) 
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FIGURE 4 - TIMING DIAGRAM FOR TMS99105A OR TMS99110A AND TMS4500A INTERFACE (5 MHz VERSION) 
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FIGURE 5 - TMS4500A AND 128K WORD DYNAMIC MEMORY USING TMS4164s 
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* See Table 1 for Strap Configuration. 

FIGURE 6 - TMS4500A AND 64K WORD OF NtODULAR DYNAMIC MEMORY USING TMS4416S 














1. Refresh Time 


TABLE 1 - STRAP CONFIGURATION 


STRAP INPUT MODES 

WAIT 

STATES 

FOR 

MEMORY 

ACCESS 

REFRESH 

RATE 

MINIMUM 

CLK FREQ. 

(MHz) 

REFRESH 

FREQ. (kHz) 

CLOCK 

CYCLES 

FOR EACH 

REFRESH 

TWST 

FS1 

FSO 

L 

L 

Lf 

0 

EXTERNAL 


REFREQ 

4 

L 

L 

H 

0 

CLK 31 

1,984 

64 - 95t 

3 

L 

H 

L 

0 

CLK + 46 

2,944 

64 - 85t 

3 

L 

H 

H 

0 

CLK + 61 

3,904 

64 - 82§ 

4 

H 

L 

L 

1 

CLK -i- 46 

2,944 

64 - 85t 

3 

H 

L 

H 

1 

CLK 61 

3,904 

64 - 80t 

4 

H 

H 

L 

1 

CLK 76 

4,864 

64 - 77t 

4 

H 

H 

H 

1 

CLK 91 

5,824 

64 - 88-1- 

4 


t This strap configuration resets the Refresh Timer circuitry. 

t Upper figure in refresh frequency Is the frequency that is produced if the minimum CLK frequency of the next select state is used. 

§ Refresh frequency if CLK frequency is 5 MH 2 . 

+ Refresh frequency if CLK frequency is 8 MHz. 

From Table 1 of the TMS4500A data sheet, there are two strap selections that would be appropriate for a 3 MHz clock 
frequency. One selection inserts a wait state on every memory access while the other does not. Assuming that no wait 
states will be necessary, select the strap input; FSO = TWST = 0 and FS1 = 1. This will yield a refresh rate of (3 MHz)/46 
or approximately 65 kHz. Each refresh will take 3 clock cycles. 

2. Memory Precharge Time (RAS precharge) 

The memory precharge time must be calculated for access, refresh, and access grant memory cycles to ensure the minimum 
RAS precharge time is satisfied. 

a. Access Cycles 


The precharge time on access cycles is given by: 



tRP 

= 

tc2/4 + tdl -FtAEL-REL* - td7 - tACH-REH - tt(REH) 

where 

tRP 


RAS precharge time 


tc2 

= 

CUKOUT period 


fd1 

= 

Delay from ALATCH low from reference line (I^AX, 99000 Spec.) 



= 

tc2/4 -1-10 


tAEL-REL 

= 

Time delay, ALE low to RAS starting low (MAX, 4500A-20 Spec.*] 


td7 

= 

WE, RD control release delay (MAX, 99000 Spec.) 


tACH-REH 

= 

Time delay, ACX high to RAS starting high (MAX, 4500A-20 Spec. 


ft(REH) 

= 

RAS rise time {MAX, 4500A-20 Spec.) 

thus 

tRP 

= 

(333/4 + 333/4 -i- 10 + 36 - 30 - 40 - 20) ns 



= ■ 

123 ns RAS precharge time. 


This value should otherwise be a minitrium value; however as all propagation delays on a given chip will tend to track each other, the maximum 
value is multiplied by a skew factor to reflect variations in same-chip propagation delays. The skew factor used here is 0.9. AU values (followed 
by an asterisk) are obtained by multiplying the specified maximum value by 0.9. 
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b. Access Grant Cycles 


The precharge time for access grant cycles is given by: 

tRP = tc2 + tCH-REL* - tCH-RRH - tt(REH) 

where ^CH-REL = Time delay, CLK high to access RAS starting low (MAX, 4500A-20 Spec.*) 

^CH-RRH = Time delay, CLK high to refresh RAS starting high (MAX, 4500A-20 Spec.) 

thus tRP = (333 + 63 — 45 — 20) ns = 331 ns RAS precharge time 

c. Refresh Cycles 

The precharge time for refresh cycles is given by; 

tRP = 1-5 (tc2) + tCH-RRL* “ td7 - tACH-REH - tt(REH) 

where tCH-RRL = Time delay, CLK high to refresh RAS starting low (MAX, 4500A-20 Spec.*) 

thus tRP = (1.5(333) + 54 — 30 — 40 — 20] ns = 464 ns RAS precharge time 

3. ALE to CLK Relationship 

ALE low transition must not occur within 10 ns of the CLK low transition. Since the TMS99000 strobes ALATCH low on 
the rising CLKOUT edge, this criterion is satisfied. 

4. Row Address Setup and Hold Times 

The row address, column address, REN 1 and CS inputs must all be set up and stable no later than 10 ns prior to the falling 
edge of ALE. The latest of these signals will be CS which must propagate through all of the memory decode logic. The 
row address setup time for the 4500A then is given by: 


tAV-AEL = td2* + twH3 “ td3 “ tp('S373) “ tp('S189) - tp('S138) 

where tAV-AEL = Setup time, row, column, REN 1, CS valid to ALE starting low (MIN, 4500A-20 

Spec.) 

t(j2 = Delay to ALATCH high from reference line (MAX, 99000 Spec.*) 

twH3 = ALATCH pulse width high (MIN, 99000 Spec.) 

t(j 3 = Delay to address valid from reference line (MAX, 99000 Spec.) 

tp('S373) = Propagation delay, data input to output (MAX, 74S373 Spec.) 

tp('si89) = Propagation delay, address input to output (MAX, 74S189 Spec.) 

tp('si38) = Propagation delay, select input to output (MAX, 74S138 Spec.) 



[13.5 + (333/4 - 15) ^15 - 13 - 35 - 12] ns 
6.8 ns setup time from CS to ALE starting low. 


The setup time from row address valid (at the DRAMs) to RAS starting low must also be considered. This is given by: 


tsu(AR) = td1 + tAEL-REL* - td3 - tp('S373) - tp('S189) - tRAV-MAV 

where tsu(AR) = Setup time, row address valid to RAS starting low 

t(ji = Delay to ALATCH low from reference line (MIN, 99000 Spec.) 

tAEL-REL = Time delay, ALE low to RAS starting low (MAX, 4500A-20 Spec.*) 

td 3 = Delay to address valid from reference line (MAX, 99000 Spec.) 


* Multiply the specified maximum value by 0.9. 
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tp('S373) 
tp('S189) 
tRAV-MAV 
thus tsuCAR) 


Propagation delay, data input to output (MAX, 74S373 Spec.) 

Propagation delay, address input to output (MAX, 74S189 Spec.) 

Time delay, row address valid to memory address valid (MAX, 4500A-20 Spec.) 

[(333/4 + 10) + 36 - 15 - 13 - 35 - 551 ns 
16 ns row address setup time for the DRAMs. 


The row address hold time is guaranteed by the TMS4500A for —12, —15, and —20 speed range devices. 

5. Data Valid to Write Enable 

Since CAS is initiated by the write enable signal, all write cycles are necessarily early write cycles. Therefore, we will calculate 
the setup time for data valid to CAS starting low which is given by: 



tsu(D) 

= 

tAEL-CEL + td9 - td1 - td8 

where 

fsu(D) 

= 

Setup time, write data valid to CAS starting low 


tAEL-CEL 

= 

Time delay, ALE low to CAS starting low (MIN, 4500A-20 Spec.) 


td9 

= 

Delay to WE from reference line (MAX, 99000 Spec.*) 


td1 

= 

Delay to ALATCH low from reference line (MAX, 99000 Spec.) 


td8 

= 

Delay from ALATCH low to valid write data (MAX, 99000 Spec.) 

thus 

^su(D) 

= 

[75 + (333/4 + -18) - (333/4 + 20) - 35] ns 



= 

38 ns setup time from data valid to CAS starting low. 


6. Read Access Time 

The maximum access time allowable from CAS to data valid on memory read cycles is given by: 



ta(C) 

= 

tc2 - tc2/4 - td 1 - tAEL-CEL " tsu2 

where 

ta(C) 

= 

Access time from CAS to data valid 


tc2 

= 

CLKOUT period 


tc2/4 

= 

Delay from CLKOUT falling to reference line (99000 Spec.) 


td1 

= 

Delay from reference line to ALATCH low (MAX, 99000 Spec.) 


tAEL-CEL 

= 

Time delay, ALE low to CAS starting low (MAX, 4500A-20 Spec. 


tt(CEL) 

= 

C^ fall time (MAX, 4500A-20 Spec.) 


tsu2 

= 

Data setup time (to CLKOUT falling) (MIN, 99000 Spec.) 

thus 

ta(C) 

= 

[333 - 333/4 - (333/4 -h 20) -f- 20) - 200 - 25 - 25) ns 
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Now that the six specifications on the design criteria checklist have been examined, the values obtained can be compared 
to those required for the TMS4164. This comparison shows that three criteria constrain design and memory selection. These 
criteria are RAS precharge, CS valid to ALE starting low, and read access from CAS. The RAS precharge time of 123 ns 
means that only —20, —15, or —12 speed range devices may be used. Next, 3.2 ns of delay must be added to the ALE 
signal to ensure that CS is valid 10 ns before ALE starts low. This delay is achieved by inserting a buffer between ALATCH 
and ALE. Finally, a negative access time from CAS requires that a wait state must be inserted on each memory access 
cycle. By adding one CLKOUT period (set TWST = 1, FSO = FS1 = 0) to the calculated memory access requirement, 
the read access cycle time (from CAS) with one wait state inserted is given by: 


Multiply the specified maximum value by 0.9. 
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ta(C) = (-103 + tc2 - tp(BFR)) ns 

where tp(BFR) = Buffer propagation delay, input to output of the ALE buffer. (MAX, Spec.) 

Using the worst case CAS access time for TMS4164-15 DRAMs (ta(c) = 100 ns), the maximum allowable propagation 

delay for the buffer can be determined: 

tp(BFR) = (-103 + tc2 + ta(c)) ns 

= (-103 + 333 -100) ns 

= 130 ns 

This value must be greater than the maximum propagation delay for the ALE buffer. 

The specifications for the high-speed version will be evaluated next. In this version, ALE is extended to meet the RAS precharge 
requirement for — 15 devices. This also gives sufficient address setup time to use the 74LS610 memory mapper. The memory 
mapper performs essentially the same function as the bipolar RAM array in the previous example, but incorporates the con¬ 
trol signals that are necessary on-chip. For more information regarding the 74LS610, refer to Tl Application Brief entitled 
"Memory Mapping Using the SN54/74LS610 Thru SN54/74LS613 Memory Mapper." For the following example, assume 
that the TMS99000 has an input CLKIN frequency of 20 MHz (CLKOUT = 5 MHz). 

1. Refresh Time 

From Table 1 of the TMS4500A data sheet, the strap selection should be FSO = 0, FS1 = TWST = 1. This will yield 
a refresh rate of 66 MHz and each refresh cycle will take 4 clock cycles. Also, the TMS4500A will insert one wait state 
on each access cycle. As was mentioned earlier, the external logic will insert two wait states on each access cycle with 
the assistance of the RDY signal from the TMS4500A. 

2. Memory Precharge Time (RAS precharge) 
a. Access Cycles 

The precharge time on access cycles is given by: 

tc2 + tp('LS04) + tp('S74) + tAEL-REL* - td7 - tACH-REH - tt(REH) 
200 ns 

Propagation delay, input to output (MIN, 74LS04 Spec.) 

Propagation delay, clock to Q output (MIN, 74S74 Spec.) 

(200 + ^ 4 -F 36 - 30 - 40 - 20)ns 
1 56 ns RAS precharge time. 

tc2 = tCH-REL* - tCH-RRH - tt(REH) 

(200 45 - 20) ns 

198 ns RAS precharge time. 

1.5[tc2J + tCH-RRL* - 1d7 “ tACH-REH - tt(REH) 

[1.5(200) -F 54 - 30 - 40 - 20] ns 
264 ns RAS precharge time. 

3. ALE to CLK Relationship 

As mentioned previously, a schottky flip-flop and low-power schottky inverter are used to clock ALE so that a minimum 
of 10 ns delay is guaranteed from CLK low to ALE low. 

Multiply the specified maximum value by 0.9. 


tRP 

where t(;2 

tp('LS04) 
tp('S74) 
thus tRp 

b. Access Grant Cycles 
tRP 

thus tRp 
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c. Refresh Cycles 
tRP 

thus tRp 
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4. Row Address Setup and Hold Times 



tAV-AEL 

= 

tc2 + tp('LS04) + 1p('S74) - tc2/4 - td3 - tAVQVI 

thus 

lAV-AEL 

= 

(200 + 6 -t- 4 - 50 - 15 - 70) ns 



= 

75 ns setup time from CS to ALE starting low. 

Also, 

fsu(AR) 

= 

tc2 + 1p('LS04) + tp('S74) + ^AEL-REL* - tc2/4 - td3 - tAVQVI 
tRAV-MAV 

thus 

tsu(AR) 

= 

(200 -t- 6 + 4 + 36 - 50 - 15 - 70 - 50) ns 


= 61 ns row address setup time for the DRAMs. 

5. Data Valid to Write Enable 


Since data is valid before ALE falls, the data setup time is guaranteed. 

6. Read Access Time 


Assuming two wait states are generated for each access cycle; 


1a(C) = 2[tc2l - tp{'LS04)t - 1p('S74)t - tAEL-CEL - tt(CEL) - tsu2 

f Maximum values are used for propagation delays tp('i_so4) arid tp{'S74) to 
satisfy worst-case design requirements. 

thus ta(C) = [2(200) - 15 - 9 - 200 - 20 - 25] ns 

= 131 ns read access time from CAS. 


The previous calculations indicate that RAS precharge and read access requirements will constrain memory selection. 
TMS4164-25 devices will not be able to meet either the RAS precharge time (tw(RH) = 150 ns) or the read access time 
(1a(C) = 165 ns). TMS4164-20 devices cannot meet the read access time (ta(C) = 135 ns); however, TMS4164-15 devices 

meet all timing requirements. 

Now that the 128K word memory using TMS4164s has been analyzed, a brief description of a 64K word memory using 
TMS4416s will be given. The major difference between the two memory configurations lies in the addition of a 74LS1 55 
used as a one-of-four selector (see Figure 6). The R/W line from the TMS99000 is used to select whether the upcoming 
access is to be a read or write cycle. MSF selects either the left or right bank of memory while MSE selects either the upper 
or lower bank. Thus, only one of the four banks of 16K word memories will be accessed on any given merriory cycle. Because 
all of the inputs to the 74LS1 55 are set up before the start of each DRAM access (ALE starting low), there are no timing 
constraints when using TMS4416-20 or TMS4416-15 devices. 


Two memory system configurations have been presented showing how the TMS4500A can be configured to work with 
the TMS99000 16-bit microprocessor. A memory mapping scheme has been provided that is flexible enough to work with 
many microcomputer applications using the TMS99000 without modification. Although both expandability and modularity 
have been considered in this design, other memory mapping schemes and processor speeds are possible. 



Mos Memory 
Applications Engineering 


Multiply the specified maximum value by 0.9. 


Texas Instruments reserves the right to make changes at any time in order to improve design and to supply the best product possible. 

Texas Instruments assumes no responsibility for infringement of patents or rights of others based on Texas Instruments applications assistance or product 
specifications, since Tl does not possess full access to data concerning the use or applications of customer's products. T1 also assumes no responsibility 
for customer product designs. 
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TMS4500A/8088 INTERFACE 


This application brief presents a circuit configuration which interfaces the 8088 microprocessor to dynamic RAM 
memory via the TMS4500A-1 5 dynamic RAM controller. The memory array is 32K bytes deep and features 
the TMS4416 16K X 4 dynamic RAM. The TMS4416 was used for its modularity advantage over XI DRAMs. 

Figure 1 shows the schematic diagram of the circuit while Figure 2 depicts the timing diagram of a write access 
followed by a refresh followed by a read access grant memory cycle. The 8088 and TMS4500A both operate 
at 5 MHz requiring no wait states on normal memory accesses. The TMS4500A clock is shifted by one 1 5 MHz 
clock cycle via a 74S74 to ensure the proper ALE low to CLK low relationship to the TMS4500A. In order to 
cover the important TMS4500A interface requirements, the six-point design criteria will be used as presented 
in the "TMS4500A Dynamic RAM Controller Users Manual.” 

1. Refresh Time 

The TMS4500A is configured for maximum division of the clock without inserting wait states by strapping TWST, 

FS1, and FSO as follows; TWST = 0, FS1 = 1 and FSO = 1. 

This strap configuration divides the clock by 61 to yield a refresh rate of 3.123 ms (see TMS4500A Spec.). 

2. Memory Precharge time 

The memory precharge time must be calculated for consecutive access, refresh, and access grant cycles to 
ensure that the minimum RAS precharge time is satisfied. 

a. Access Cycles 

The precharge time for access cycles is given by: 

TCLCL + TCLCH - TCLRH - tACH-REH - ^tlREH) + TCHLL 
+ tAEL-REL* 

RAS precharge time 
CLK cycle period 

CLK low time (2/3 TCLCL - 15, 8284A Spec.) 

RD inactive delay (MAX 8088 Spec.) 

Time delay, ALE high to RAS starting high (MAX TMS4500A-15 
Spec.) 

V__ ) 


fRP 

where tRp 

TCLCL 

TCLCH 

TCLRH 

lAEH-REH 
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tt(REH) = RAS rise time (MAX TMS4500A-15 Spec.) 

TCHLL = ALE inactive delay (MAX 8088 Spec.) 

^AEL-REL = Time delay, ALE low to RAS starting low (MAX TMS4500A-15 

Spec.*) 

thus, tRp = (200 + 118 - 150 - 30 - 15 + 85 + 27) ns 

= 235 ns 

*This value should otherwise be a minimum value; however, as all propagation delays on a given chip will tend 
to track each other, the maximum value is multiplied by a skew factor to reflect variations in same chip pro¬ 
pagation delays. The skew factor for the TMS4500A is 0.9. All values follow by an asterisk are obtained by 
multiplying the specified maximum value by 0.9. 



FIGURE 1 - TMS4500A/8088 INTERFACE SCHEMATIC 
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b. Refresh Cycles 



On refresh cycles the minimum precharge time occurs when ACR or ACW go high 20 ns before TMS4500A 
CLK low. If this occurs, refresh RAS will go low on the subsequent rising edge of the TMS4500A CLK. 

The minimum precharge time for refresh cycles is given by: 

fRP = TCLCH + tACH-CL " tACH-REH " tt(REH) + ^CH-RRl* 

where tACH-CL = Time delay ACX high to CLK low (MIN TMS4500A-15 Spec.) 

tACH-REH = Time delay, ACX to RAS starting high (MAX TMS4500A-15 

Spec.) 

tCH-RRL = Time delay, CLK high till refresh RAS starting low (MAX 

TMS4500A-15 Spec.*) 

thus, tRp = (118-1-20 - 30 - 15-1- 45) ns 

= 138 ns 


c. Access Grant Cycles 

The precharge time for access grant cycles is given by; 



tRP 

= 

TCLCL - tCH-RRH - tt(REH) + tCH-REL* 

where 

tCH-RRH 

— 

Time delay, CLK high to refresh RAS starting high (MAX 
TMS4500A-15 Spec.) 


tCH-REL 

= 

Time delay, CLK high to access RAS starting low (MAX 
TMS4500A-15 Spec.*) 

thus. 

tRP 

= 

(200 - 35 - 15 -f 54) ns 



= 

204 ns 

3. ALE to CLK Relationship 



The ALE low transition must not occur within 10 ns of the TMS4500A CLK low transition. This is guaranteed 
by the phase shift between the 8088 and TMS4500A clocks. 

ALE low to CLK low time is given by; 



tAEL-CL 

= 

2(t0SC) - tOLCH - TCHLL -f tp04 + tp74 

where 

tosc 

= 

OSC cycle period (8284A Spec.) 


fOLCH 


'OSC low to CLK high (MAX 8284A Spec.) 


tp04 

= 

Propagation delay, MSI gate (MIN 74LS04 Spec.) 


tp74 

= 

Propagation delay, MSI gate (MIN 74S74 Spec.) 

thus 

tAEL-CL 

= 

(2(66) - 22 - 85 - 1 - 5 + 4] ns 



= 

34 ns 


4. Row Address Setup and Hold Time 
The setup time to the TMS4500A is given by: 
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tAV-AEL 
where tAV-AEL 


TAVAL - tp32 

Time delay, address, REN1, CS valid to ALE low (MIN 
TMS4500A-15 Spec.) 



TAVAL = Address valid to ALE low (TCLCH - 60, MIN 8088 Spec.) 

tp32 = Propagation delay, SSI gate, allowing for delay to CS 

(MAX 74LS32 Spec.) 

tfius, fAV-AEL = (118 — 60 — 22)ns 

= 36 ns 

The row address setup time to the DRAMs is given by: 

USR = TAVAL - tRAV-MAV + ^AEL-REL* 

where IRAV-MAV = Time delay, row address valid to memory address valid (MAX 

TMS4500A-15 Spec.) 

thus, tASR = (118 — 60 — 40 + 27) ns 

= 45 ns 

5. Data Valid to Write Enable 

All writes to memory are early writes, which allows data to be set up to CAS instead of W. The 8088 specifies 
that the data is valid a minimum of 0 ns to WR low. This gives a data setup time equal to tACL-CEL (50 ns 
MIN) for this circuit. 

6. Read Access time from CAS 


The required access time for both access and access grant memory cycles must be calculated. 
The read access time from CAS on normal access cycles is given by: 



tCAC 

= 

2(TCLCL) - TCLRL - tACL-CEL " tt(CEL) " TDVCL 

where 

tCAC 

= 

Access time from CAS 


TCLRL 

= 

RD active delay (MAX 8088 Spec.) 


tACL-CEL 


Time delay, ACX low to CAS starting low (MAX TIV1S4500A-15 
Spec.) 


tt(CEL) 

= 

C^ fall time (MAX TMS4500A-15 Spec.) 


TDVCL 

= 

Data valid delay (MIN 8088 Spec.) 

thus 

tCAC 

= 

[2(200) - 165 - 90 - 15 - 301 ns 



= 

100 ns 

The read access time on access grant cycles is given by; 


tCAC 

= 

2(TCLCL) TCHCL - tCH-CEL - tt(CEL) - TDVCL 

where 

TCHCL 

= 

CLK high time (1/3 TCLCL -t- 2, MIN 8284A Spec.) 


tCH-CEL 

= 

Time delay, CLK high to access CAS starting low (MAX 
TMS4500A-15 Spec.) 

thus. 

tCAC 

= 

[2(200) 68 - 140 - 15 - 30] ns 



= 

283 ns 

The calculations of the design criteria for the TMS4500A interface have been completed. An inspection of the 
design criteria reveals that tQAC on normal accesses constrains the choice of memories to TMS4416-15 (tcAC 
= 80 ns). Slower memories can be used by decreasing the 8088 clock speed. For TMS4416-20 devices, the 
maximum CLK frequency as constrained by CAS access time is given by: 
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fCLK 

- 

[1/2 (tcAC + TcLRL + tACL-CEL + tt(CEL) + TDVCDl 
109 

where 

fCLK 

= 

Maximum 8088 clock frequency 


tCAC 

= 

CAS access time (MIN TMS4416-20 Spec.) 

thus, 

fCLK 

= 

[1/2 (120 + 165 + 90 -1- 15 + 30)] ns 



= 

4.762 MHz 


A circuit configuration to interface dynamic memories to the 8088 microprocessor utilizing the TMS4500A 
dynamic RAM controller has been presented. The circuit design featured a 5 MHz 8088 interfaced to a 
TMS4500A-15 operating with no wait states. The memory array was implemented with TMS4416 dynamic 
RAMs for increased modularity. 
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TMS4500A/MC68000 INTERFACE 



This application note provides several circuit configurations interfacing three speed ranges 
of the MC68000 microprocessor to dynamic RAM memory via the TMS4500A-15 dynamic 
RAM controller. The MC68000L6 operates with no wait states while the MC68000L8 and 
MC68000L10 operate with one wait on normal memory access cycles. The memory array 
is organized as 32K words featuring the TMS4416 16K x 4 dynamic RAM arranged as two 
rows of 16Kx 16 bits with each row partitioned into 16K bytes of upper and 16K bytes 
lower memory. The TMS4416 was used for its modularity advantage over XI DRAMs and 
upgradability to future 64Kx4 devices. 


Two approaches for controlling access to the upper and lower bytes of memory are given. 
The f irst a pproach (Figure 1 A) controls access to upper and lower memory by gating CAS 
with UDS and LDS providing an early write condition. Early write occurs when the W signal 
to the DRAM goes low prior to CAS low. Under this condition the data input to the DRAM 
is required to be set up prior to CAS instead of prior to W, and the output buffers are dis¬ 
abled allowing the use of common I/O. This can be achieved on the TMS4164 by tying D 
and Q together; the TMS4416 is a common I/O device. The second approach (Figure 2A) 
controls access to upper and lower memory by gating R/W with UDS and LDS providing 
a late write condition (CAS low prior to W low). There are definite advantages and disad¬ 
vantages to each of the implementations. From a system standpoint the gated CAS requires 
a smaller number of gates than the gated R/W version but would degrade CAS access time 
with the extra SSI gate (74LS32) delay. Another system criteria would be the choice of 
memory used with each implementation. For the gated CAS approach both TMS4416s and 
TMS4164s could be used with common I/O reducing layout signal routing complexity. The 
gated R/W implementation restricts the use of common I/O when using TMS4164sdue to 
late write operation. In the late write cycle the Q outputs will go to an active state causing 
contention between the processor and the memory for the data bus. To use TMS4164s within 
the gated R/W system requires that the Q outputs be externally buffered to allow a bi¬ 
directional data bus which adds extra circuitry for the buffers. The timing diagrams for Figures 
lA and 2A are given in Figure IB and 2B, respectively. 




Both methods of upper and lower byte control allow the use of read-modify-write (TAS in¬ 
struction) cycles but the operational response of the DRAMs is slightly different. A read- 
modify-write is performed by first reading the data from a memory location then writing data 
back to that location in the same memory cycle. The TAS instruction (Test and Set an 
Operand) tests a byte Operand and sets the negative and zero flags accordingly; the high 
order bit of the operand is set. This provides a means of syncmonization in multiple 
processor environments. Figure 3 shows the read-modify-write timirips for the gated CAS 
and gated R/W implementations. The two methods for controlling memory access have the 
advantages and disadvantages mentioned above plus another difference on read-modify- 
write cycles. The gated CAS approach actually does a page mode read then a page mode 
write (two CAS cycles for a single RAS cycle) to the same memory location while the gated 


J 
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R/W approach does a normal read-modify-write to the DRAM. The choice of these methods would 
probably be determined by other factors in the system design; particularly the size of the memory 
array since the TMS4416 example would require less logic to implement but lends itself better to 
smaller memory designs. 

The DTACK signal is derived by ANDing UDS, LDS, and R/W together, clocking RDY with a fli p-flop 
and then ORing the two results. On normal accesses the RDY signal is high allowing either the UDS, 
LDS, or R/W signal to force DTACK low. On access grant cycles the low RDY signal holds DTACK 
high one clock period after the refresh cycle is complete. UDS, LDS and R/W are ANDed together 
so that on read cycles UDS and/or LDS force DTACK low and on write cycles R/W forces DTACK 
low. This gating is necessary because UDS and LDS go low too late in the write cycle to provide suffi¬ 
cient DTACK setup time. It also provides the two DTACK pulses for read-modify-write cycles. For 
the MC68000L8/L10 design DTACK is delayed with a flip-flop to provide one wait state. 



*See text. 


FIGURE 1A - TMS4500A/MC68000L6 INTERFACE SCHEMATIC (GATED CAS) 
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FIGURE IB - TIMING DIAGRAM (GATED CAS) 
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FIGURE 2A - TMS4500A/IVIC68000L6 INTERFACE SCHEMATIC (GATED R/W) 
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To cover the important aspects of the MC68000/TMS4500A interface, detailed calculations of the 
design criteria for the MC68000L6 and MC68000L10 will be given with only a short summary of 
the MC68000L8 design criteria. The results will then be compared with the TMS4416 and TMS4164 
DRAM timing requirements to provide proper memory speed selections. Finally the designs will be 
weighed against each other to point out the strengths and weaknesses as related to system 
performance. 

The six-point criteria will be used as presented in the "TMS4500A Dynamic RAM Controller Users 
Manual” in the following calculations. 

MC68000L6 Design Calculations 

1. Refresh interval 

The TMS4500A is configured for maximum division of the clock without inserting wait states by strap¬ 
ping TWST, FS1, and FSO as follows. 

TWST = 0, FS1 =1, FSO = 1 

This strap configuration divides the clock by 61 to yeild a refresh interval of 2.60 ms (see 4500A Spec.). 
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2. Memory precharge time 

The memory precharge time must be calculated for consecutive access, refresh, and access grant 
cycles to ensure that the minimum RAS precharge time is satisfied. 

a. Access cycles 

The precharge time for access cycles is given by: 

tRP = tSH - tAEH-REH - tt(REH) + tAEL-REL* 

where tRP = RAS precharge time 

= AS,DS width high (MIN MC68 000L 6 Spec.) 
tAEH-REH Time delay, ALE high to RAS starting high (MAX 4500A-15 Spec.) 
tAEL-REL* — Time delay, ALE low to RAS starting low (MAX 4500A-15 Spec.) 

thus, tRP = (180 - 25 - 1 5 -f 27) ns 
= 167 ns 

b. Refresh cycles 

The minimum precharge time for refresh cycles is given by: 

tRP = 1.5(T) - tCLSH - tAEH-REH - tt(REH) + tCH-RRL* 
where T = Clock cycle time 

tCLSH = Clock low to AS, DS high (MAX MC68000L6 Spec.) 

tcH-RRL* = Time delay, CLK high to refresh RAS starting low (MAX 4500A-15 Spec.*) 

thus, tRP = [1.5(166) - 75 - 25 - 15 -t- 451 ns 
= 179 ns 

c. Access grant cycles 

The precharge time for access grant cycles is given by: 
tRP = T - tCH-RRH - tt(REH) + tCH-REL* 

where tCH-RRH = Time delay, CLK high to refresh RAS starting high (MAX 4500A-15 Spec.) 

tCH-REL* = Time delay, CLK high to access RAS starting low (MAX 4500A-15 Spec.*) 

thus, tRP = (166 - 35 — 15 + 54) ns 
= 170 ns 


3. ALE to CLK relationship 

The ALE low transition must not occur within 10 ns of the CLK low transition, 
ALE low to CLK low time is given by: 
tAEL-CL = -SIT) - tCHSLx 

where tCHSLx = Clock high to AS, DS low (MAX, MC68000L6 Spec.) 

thus tAEL-CL = (.5(166) - 65] ns 
= 18 ns 



This value should otherwise be a minimum; however as all propagation delays on a given chip will tend to track each other, the maximum value is multiplied 
by a skew factor to reflect variations in same chip propagation delays. The skew factor for the TMS4500A is 0.9. All values followed by an asterisk are 
obtained by multiplying the specified maximum value by 0.9. 
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4. Row address setup and hold time 

The row address setup time to the TMS4500A is guaranteed by the l\/IC68000L6 address valid to 
AS low timing (tAVSl)- 

tAV-AEL = tAVSL = 35 ns (MIN, MC68000L6 Spec.) 

The row address setup time to the DRAMs is given by: 
tASR - tAVSL - tRAV-MAV + tAEL-REL* 

where tRAV-MAV = Time delay, row address valid to memory address valid (MAX 4500A-15 
Spec.) 

thus, tASR = (35 - 40 -t- 27) ns 
= 22 ns 

The row address hold time to the DRAMs is guaranteed by the TMS4500A to meet - 20 or faster 
speed devices. 


5. Data valid to write enable 


In both circuit configurations, data valid to write low is guaranteed by the MC68000L6. For the cir¬ 
cuit in Figure 1A this is accomplished by gating CAS with UDS and LDS to give an early write condi¬ 
tion. For the circuit in Figure 2A R/W is gated with UDS and LDS to give a late write condition. Data 
valid to write enable for both circuits is given by: 

tDS = tDOSL + tp32 

where tps = setup time _ 

tDOSL = Data out valid to DS low (MIN, MC68000L6 Spec.) 
tp32 = Propagation delay (MIN, 74LS32 Spec.) 

Thus tDS = (35 + 8) ns 
= 43 ns 

6. Read access time from CAS 


The required access time for both access and access grant memory cycles must be calculated. 

The read access time from CAS on normal access cycles for the gated R/W configuration (Figure 2A) 
is given by: 


tCAC = 2.5(T) - tCHSLx - tAEL-CEL - tt(CEL) - tDICL 



where tCAC = Access time from CAS 

tAEL-CEL = Tim e delay, ALE low to CAS starting low (MAX 4500A-15 Spec.) 
tt(CEL) = CAS fall time (MAX 4500A-15 Spec.) 
tDICL = Data in to clock low (MIN, MC68000li6 Spec.) 

thus, tCAC = (2.5(166) - 65 - 150 - 15 - 25] n^ 

= 160 ns 


The read access time on access grant cycles for the gated R/W configuration (Figure 2A) is given by: 


tCAC = 2.5(T) - tCH-CEL - tt(CEL) - tDICL 

where tCH-CEL = Time delay, CLK high to access CAS starting low (MAX 4500A-15 Spec.) 
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thus tCAC = [2.5(166) - 140 - 15 - 25] ns 
= 235 ns 

For the gated CAS configuration one SSI gate (74LS32) delay must be subtracted from the above values. 
MC68000L10 Design Calculations 

The MC68000L8/L10 design requires extra hardware to meet the TMS4500A ALE to CLK low 
timings (tCL-AELf tAEL-CL) and DRAM CAS access time (tCAC)- This is accomplished by providing 
two clocks (CLK, </>) which are approximately 90° out of phase with each other (See Figure 48). The 
<t> clock controls the low going edges of ALE and DTACK to ensure proper timing for both the TMS4500A 
and DRAM. The two flip-flops driving CLK in Figure 4A should be contained within the same package 
to minimize the skewing between the two outputs. A 74AS832 is used to derive ALE because of 
its necessary speed advantage over a 74S32. If the two flip-flops are not contained in the same package 
and a 74AS832 is not used then the MC68000L10 could not meet the RAS precharge and CAS 
access times of the TMS4164 or TMS4416. This restriction is not necessary for MC68000L8 operation. 

The TMS4500A is strapped for zero wait state operation, with the processor wait state being provid¬ 
ed by externally delaying DTACK. If necessary two processor wait states may be inserted by strap¬ 
ping the TMS4500A for 1 wait state operation. 


74S74t 



FIGURE 4A - TMS4500A/MC68000L8-MC68000L10 INTERFACE SCHEMATIC 
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FIGURE 4B - TMS4500A/IVIC68000L8-MC68000L10 TIMING DIAGRAM 


The following calculations reflect gated R/W operation. 

1. Refresh time 

Refresh interval = 1.56 ms 
TWST = 0, FSl = 1, FSO = 1 

2. Memory precharge time 
a. Access cycles 

tRP = 2(T) + tD - tCLSH - tp832 “ tAEH-REH - ttREH + tp74 + tAEL-REL* 

Where to = Delay between CLK and <f> 

1P832 = Propagation delay (MAX 74S832 Spec.) 
tp 74 = Propagation delay (MIN 74S74 Spec.) 

tD = 1/2(tc) + tpo4 - ts 

and tc = 20 MHz clock cycle time 

tpo4 = Propagation delay (MIN 74S04 Spec.) 
ts = Skew between CLK and 0 
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thus, tD = [1/2(50) + 2 - 1] ns 
= 26 ns 

tRP = [2(100) + 26 - 50 - 5 - 25 - 15 + 4 + 27] ns 
= 162 ns 

b. Refresh cycles 

tRP = 1.5(T) - tCLSH - tp832 - tAEH-REH - ttREH + tCH-RRL* 

tRP = [1.5(100) - 50 - 5 - 25 - 15 + 45] ns 
= 100 ns 

c. Access grant cycles 

tRP = T - tCH-RRH - ttREH + tCH-REL* 
tRP = (100 - 35 - 15 + 54) ns 
= 104 ns 


3. ALE to CLK relationship 

ALE low is triggered by the rising edge </> after AS goes low, which exceeds the minimum 10 ns 
specification. 

4. Row address setup and hold time 

The row address setup time to the TMS4500A is given by 
tAV-AEL = T - tCLAV + tQ + tp74 + tpmin832 

where tCLAV = Clock low to address valid (MAX MC68000L10 Spec.) 

tPmin832 = Propagation delay (MIN 74AS832 Spec.) 
thus tAV-AEL = (100 - 55 + 26 + 4 + 1) ns 
= 76 ns 

The row address setup time to the DRAM is given by: 

tASR = T - tCLAV + to + tp74 + tpmin832 - tRAV-MAV + tAEL-REL* 

thus tASR = (100 - 55 + 26 + 4 + 1 - 40 + 27) ns 
= 63 ns 


5. Data valid to write enable 


The data valid to write enable is dependent upon the tpOSL timing of the MC68000 when CAS or 
W to the DRAMs is controlled as shown in Figure 1A or Figure IB. 

tDS = tDOSL + tp32 



thus tDS = (20 + 8) ns 
= 28 ns 


6. Read access time from CAS 

The read access time from CAS on normal access cycles for the gated R/W configuration is given by: 
tCAC = 3.5 (T) - 1/2(T) - tp - tp74 - tp832 - tAEL-CEL “ tt(CEL) “ tpiCL 


tCAC = [3.5(100) - 1/2(100) - 26 - 9 - 5 - 150 - 15 - 15] ns 
= 80 ns 
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The read access time on access grant cycles for the gated R/W configuration is given by: 

tCAC = 2.5(T) - tCH-CEL - tt(CEL) - toiCL 

tCAC = 2.5(100) - 140 - 15 - 15) ns 
= 80 ns 

MC68000L8 Design Calculations Results 

The results for the calculations of the design criteria for the MC68000LS are given in Table 1. 
TABLE 1 - MC68000LS DESIGN CRITERIA SUMMARY 


DESIGN CRITERIA 

MC68000L8 

1. Refresh interval 

1.95 ms 

2. Memory precharge time 


a. Access cycles (tRp) 

203 ns 

b. Refresh cycles (tRp) 

122 ns 

c. Access grant cycles (tRp) 

129 ns 

3. ALE to CLK relationship 

Guaranteed by clocking AS low on the rising edge of <j) 

4. Row address setup and hold times 


a. To the TMS4500A (tAV-AEL) 

93 ns 

b. To the DRAMs (tASR) 

79 ns 

5. Data valid to write enable (tos) 

38 ns 

6. Read access time from CAS 


a. Access cycles (tCAC) 

149 ns 

b. Access grant cycles (tCAC) 

142 ns 


The proper choice of memory can be selected from Table 2 for each design. For the MC68000L6 
and MC68000L8 designs there are no memory speed restrictions. However, the MC68000L10 d esign 
is restricted to onl y TM S4416-15 and TMS4164-12 devices; the limiting parameters being RAS 
precharge (tRp) and CAS access time (tCAC)- To meet slower memory requirements the MC6800L10 
clock frequency would have to be reduced. The maximum clock frequency for a desired memory speed 
can be determined by substituting in the necessary DRAM timing parameters and solving for the in¬ 
put clock period (T) in the design criteria for memory precharge time and read access time. 


TABLE 2 - MEMORY SELECTION 


MICROPROCESSOR 

CLOCK 

FREQUENCY 

i MEMORY DEVICES I 

1 TMS4416 1 

1 TMS4164 1 

-15 

-20 

-12 

-15 

-20 

MC68000L6 

6 MHz 






MC68000L8 

8 MHz 






MC68000L8 (Hybrid) 

7.46 MHz 

y>> 





MC68000L10 

10 MHz 







Meeting DRAM timing requirements is only a small part of microprocessor system design. The ultimate 
goal is to achieve maximum performance with minimum hardware. Of the three designs the MC68000L6 
interface requires the least amount of hardware while the MC68000L10 interface has the fastest pro¬ 
cessor/memory cycle time. To capitalize on the best of both designs a compromise can be made by 
substituting a MC68000L8 into the MC68000L6 design and operating at less than 8MHz without 
wait states. Operating under these conditions it can be shown that the processor/memory cycle time 
approaches that of the MC68000L10 design with a minimum hardware interface (see Table 3). 


9-80 






























TABLE 3 - MICROPROCESSOR TO MEMORY CYCLE TIME 


MICROPROCESSOR 

CLOCK 

CYCLE TIME (tc) 

NUMBER OF WAIT 
STATES INSERTED IN) 

FREQUENCY 

PERIOD 

MC68000L6 

6 MHz 

166 ns 

664 ns 

0 

MC68000L8 

8 MHz 

125 ns 

625 ns 

1 

MC68000L8 (Hybrid) 

7.46 MHz 

134 ns 

536 ns 

0 

MC68000L10 

10 MHz 

100 ns 

500 ns 

1 


•tc = 4 (T) + N(T) 

where T = microprocessor clock period 

N = number of wait states inserted. 

To determine the maximum speed that the MC68000L8 can operate without wait states it is necessary 
to recalculate the design criteria using the MC68000L6 equations with MC68000L8 timing parameters 
(results in Table 4). From these values the restricting parameter will be the ALE to CLK low timing 
(minimum 10 ns) requirement necessary for proper TMS4500A operation. Setting tcL-AEL equal to 
12 ns (1 2 ns allows for 20% margin) and solving for T, yields a clock period of 134 ns (7.46 MHz) 
The design criteria for 7.46 MHz operation is also shown in Table 4. This "Hybrid” circuit meets 
TMS441 6-1 5,-20 and TMS4164-12,-1 5 timing requirements and has a processor/memory cycle time 
approaching that of the MC68000L10 design. This illustration shows the advantage of operating 
without wait states when accessing DRAM, but does not directly reflect system throughput 
enhancement. 

System throughput calculations require a much more detailed analysis taking into consideration the 
systems application, use of other types of memory (EPROM, PROM, ROM, and Statics), memory size 
and configuration, software, etc. It is beyond the scope of this application note to cover all of these 
variables in detail, although a brief overview can be given. 

TABLE 4 - MC68000L8 (HYBRID) DESIGN CRITERIA SUMMARY* 


DESIGN CRITERIA 

MICROPROCESSOR 

MC68000L8 @ 6 MHz 

MC68000L8 (5) 7.46 MHz 

1. Refresh interval 

1.95 ms 

2.09 ms 

2. Memory precharge time 



a. Access cycles (tRp) 

167 ns 

146 ns 

b. Refresh cycles (tRp) 

189 ns 

141 ns 

c. Access grant cycles (tRp) 

170 ns 

138 ns 

3. ALE to CLK relationship 

28 ns 

12 ns 

4. Row address setup and hold times 



a. To the TMS4500A (tAV-AEL) 

Guaranteed by tAVSL 

Guaranteed by tAVSL 

b. To the DRAM (tASR) 

17 ns 

17 ns 

5. Data valid to write enable (tos) 

38 ns 

38 ns 

6. Read access time from CAS 



a. Access cycles (tCAC) 

180 ns 

100 ns 

b. Access grant cycles (tCAC) 

245 ns 

165 ns 



•Results reflect gated R/W operation. 


All of the interface examples given in this application note used a tightly coupled processor/memory 
interface to maximize DRAM performance. The calculations and comparisons for the "Hybrid" cir¬ 
cuit only reflect that the processor is executing strictly out of DRAM which is not always the case 
in many systems. As microprocessor speeds and memory size increase, the benefits oTthe tightly 
coupled memory array give way to asynchronous main memory configurations and cache memory 
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implementations in order to relieve the processor of wait states when accessing memory. Applica¬ 
tions Notes SR-1, "An Introduction To Cache Memory Systems And The TMS2150", and DRC-1, 
"The TMS4500A In An Asynchronous Bus System", address the concepts of cache and asynchronous 
memory architecture in more detail than given here. 

The percentage of time a microprocessor uses for internal operations as opposed to memory accesses 
is also a factor in determining system throughput when wait states are used. The greater the percen¬ 
tage of time that a microprocessor spends accessing memory with wait states, the greater the 
throughput degradation. Thus, for systems whose software requires extensive internal processor opera¬ 
tions and few memory operations it may be more desirable to operate with wait states as opposed 
to the "Hybrid" approach. Table 5 gives an example of a few MC68000 instructions and their effect 
on throughput. The actual average instruction time will be dependent upon the instruction stream 
being executed, but this example will indicate how wait states affect the processor performance. The 
multiply and divide instructions which require a large percentage of internal operations make apparent 
the advantage of higher speed processors when doing extensive numeric processing; however if the 
memory intensive instructions predominate, the system running without wait states will execute faster 
even at slower clock frequencies. Systems which execute program mainly out of EPROM, PROM, 
ROM and Static memory and only use DRAM for data storage may also benefit from the use of the 
high speed processors. Each of the four designs has its own niche which is based on the necessary 
system application. Designs that require maximum memory performance and minimum component 
count may find the Hybrid interface more suitable, while systems requiring maximum processor per¬ 
formance would utilize the MC68000L8/L10 design. 


TABLE 5 - AVERAGE INSTRUCTION CYCLE TIME 
A. CLOCK CYCLES AND MEMORY CYCLES PER INSTRUCTION 


INSTRUCTION 

CLOCK CYCLES 

MEMORY CYCLES 

PER INSTRUCTION 

TOTAL 

PER INSTRUCTION 

TOTAL 

MOV AN@ + 

8 


2 


MOV AN@)- 

10 


2 


ADD AN@ + 

12 


2 


ADD AN@- 

14 


2 


CMPI AN(5) + 

12 


3 


CMPI AN@)- 

14 


3 


BRA 

10 


2 


JMP AN(S) 

8 


2 


JMPAN(S)(d) 

10 

98 

2 

20 

MULS 

70 

168 

1 

21 


B. AVERAGE CLOCK CYCLES/INSTRUCTION AND AVERAGE MEMORY CYCLES/INSTRUCTION 


NUMBER OF INSTRUCTIONS 

AVERAGE CLOCK CYCLES/ 
INSTRUCTION 

AVERAGE MEMORY CYCLES/ 
INSTRUCTION 

First nine instructions 

10.8 

2.2 

(excluding MULS) 



Ten instructions 

16.8 

2.1 
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C. AVERAGE INSTRUCTION CYCLE TIME 


MICROPROCESSOR 

AVERAGE INSTRUCTION CYCLE TIME 

FIRST NINE INSTRUCTIONS 

TEN INSTRUCTIONS 

MC68000L6 ((S) 6 MHz, 0 WSf) 
MC68000L8 ((a) 8 MHz, 1 WS) 
MC68000L8 (Hybrid) 

((S) 7.46 MHz, 0 WS) 
MC68000L10 (@ 10 MHz, 1 WS) 

1.800 jis 

1.625 /ts 

1.340 ns 

1.300 /ts 

2.8 /iS 

2.362 

2.252 ns 

1.890 


• Average Instruction time = processor ciock cycie time X laverage clock cycles/instruction + (average memory cycles/instruction X N wait states)] 
'^WS •= wait state. 


D. RELATIVE PERFORMANCE 


MICROPROCESSOR 

1 RELATIVE PERFORMANCE I 

FIRST NINE INSTRUCTIONS 

TEN INSTRUCTIONS 

MC68000L6 (@ 6 MHz, 0 WS) 

1.0 

1.0 

MC68000L8 (@ 8 MHz, 1 WS) 

1.1 

1.15 

MC68000L8 (Hybrid) 

(@ 7.46 MHz, 0 WS) 

1.25 

1.19 

MC68000L10 (@ 10 MHz, 1 WS) 

1.27 

1.32 


As was mentioned earlier in the text, the designs have taken future memory upgradability into ac¬ 
count. When 64K x 4 devices become available they will be pin compatible with the 16K x 4 allowing 
easy memory expansion. The TI\/1S4416 only requires 14 address lines to address its entire memory 
array (8 rows, 6 columns) thus leaving two unused address inputs to the TMS4500A (CAO, CA7). 
The TMS4416 uses inputs A1-A6 for its 6 column addresses, disregarding AO, A7 (see TMS4416 
spec.). These two unused inputs to the TMS4500A will be needed to complete the address space 
for the 64Kx4 devices (8 row, 8 column). In Figures 1A and 2A, 14 consecutive address lines are 
used to address the TI\/1S4416s which provides a linear address space. For 64K x 4 expansion, A1 5 
and A16 of the MC68000 will be connected to CAO and CA7 of the TMS4500A respectively. This 
configuration does not provide a linear address range for the 64Kx4 upgrade but, this would be 
transparent to the microprocessor and not effect system performance. 


For the circuits presented the memory upgrade would expand the memory size from 64K bytes to 
256K bytes by simply changing devices. If the memory array of TMS4416s was expanded to take 
full advantage of the TMS4500As drive capability (32 devices), it would provide 256K bytes of memory. 
This could then be upgraded to a megabyte of memory by substituting the 64K x 4 devices. Applica¬ 
tions Note SMAA001 "TMS4416/TMS4500A Evaluation Board” provides in detail the techniques 
and advantages of designing for future memory upgradability. 


This completes the TMS4500A/MC68000 design requirements. Four MC68000 interfaces were given 
with two configurations for controlling accesses to upper and lower memory. Two of the designs 
operate without wait states and two with wait states to illustrate a wide spectrum of operation. The 
memory was implemented with TMS4416s for their modularity advantage over the XI DRAMs, and 
upgradability to future 64K x4 DRAMs. A brief discussion of the strengths and weaknesses for the 
four designs was given to provide some insight into the necessary system requirements that need 
to be considered to achieve maximum system performance for a given application. 
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AN INTRODUCTION TO CACHE MEMORY SYSTEMS 
AND THE TMS2150 


As the typical operating speeds of processors have increased to provide for the ever increasing need for com¬ 
puting power, the necessity of developing a memory hierarchy (the incorporation of two or more memory 
technologies in the same system) has become apparent. One of these memory technologies is selected on the 
basis of fast access time (with associated high cost per bit) to aliow minimum system cycle time. The other 
technologies are chosen with the lowest possible cost per bit relative to speed in order to achieve the maximum 
system memory capacity. In a system with a multiple level hierarcfly, the speed/cost relationship depends upon 
the frequency of access and the total memory requirement at that level. By proper use of this hierarchy through 
coordination of hardware, system software, and in some cases user software, the overall memory system will 
reflect the characteristics that approximate the fast access time of the fast memory technology and the low cost 
per bit of the low cost memory technology. Large computer systems have made use of this memory optimization 
technique to maintain very large data bases and high throughput (see Figure 1). Many smaller processor systems 
use this technique to allow mass storage of data, where a tape or disk is the low cost memory and RAM (Random 
Access Memory) is the fast memory technology. 

Memory hierarchy is now extending to the RAM memory used in microcomputer systems because of the in¬ 
crease in processor speeds. Typically, Dynamic RAM (DRAM) is used as the bulk or main memory and High 
Speed Static RAM (HSS) serves as the fast access memory. This HSS RAM is usually 1 K to 8K words deep and 
serves as a fast buffer memory between the processor and the main memory. This small, fast buffer memory is 
called "cache" memory as it is the storage location for a carefully selected portion of the data from the main 
memory. The addresses for that portion of memory currently in the buffer memory is saved in the cache tag RAM 
(a small memory that is used to store the addresses of the data that has been mapped to cache). 
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RELATIVE MEMORY SIZE' 







When the processor accesses main memory, the processor address is compared to the addresses currently present in the 
cache tag RAM. In the case where a match occurs, the required data is resident in the cache and the access is called a "hit," 
and is completed in the cycle time of the fast memory. If there is no match (a "miss"), the main memory is accessed, and the 
processor must be delayed to allow for the slower access cycle of the main memory. The determination of whether a hit has 
occured is the responsibility of the cache tag RAM. Figure 2 shows the relative placement of the processor, main memory, 
cache, and cache tag RAM within a system. 

Since there must be comparisons made between the current processor address and the addresses in the cache, the cache 
tag RAM must have a very fast access time to prevent the degradation of processor accesses even when a match occurs. 
Previously, the memory used for the cache tag RAM was the same as that used for the cache; which, due to added delays 
through comparision logic, meant that the full benefits of the cache were not realized. 



FIGURE 2 - TYPICAL MEMORY SYSTEM WITH CACHE 
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The TMS21 50 Cache Tag RAM has been designed to reduce this cache access degradation to a minimum by incorporating 
the matching logic on-chip thus providing match recognition times compatible to the access time of the cache buffer 
memory. 

The TMS2150 implements the "set-associative" type of cache address matching. This algorithm may be more clearly 
understood by considering main memory as an (m) by (n) array of blocks and the cache is an (n) by (k) array (see Figure 3). 
Each block is composed of (x) words and transfers between main memory and cache memory always move all (x) words in 
that block. Corresponding to every block in the buffer RAM is a tag address specifying which block of main memory is cur¬ 
rently resident in the buffer RAM at that location. The set-associative algorithm maps each modulo (n) group of (m) blocks in¬ 
to the corresponding (n) row of the cache. The low order address lines of the processor covering the sets (n) select a row of 
the cache buffer and the corresponding row in the tag RAM. The data is stored in the cache buffer and the high order address 
specifying the block (m) is saved in the tag RAM. The high order address then becomes the tag. 


/- 

MAIN MEMORY BUFFER RAM 


LOW ORDER 
ADDRESS 



(HIGH ORDER ADDRESS) 



k-K^ 


DATA 


CACHE 

—A_ 

TAG RAM 





-K- ^ 


LABEL 


0 , 


K 

X 

D 

7 

NV 

2, m-1 


Number of BUFFER/TAG groups for multiple cache systems 
Blocks moved to cache 
Valid data from main memory 

Areas of cache that have not been loaded from main memory 
Code to indicate non-valid label 

Labels from high order address specifing the block moved from main memory. 


FIGURE 3 - SET-ASSOCIATIVE CACHE ADDRESS MATCHING 


There are several algorithms used to determine which areas of main memory should be resident in cache and which should be 
replaced (first-in, first-out; least recently used; or random). Since programs typically have the property of locality (over short 
periods of time, most accesses are to a small group of memory addresses), these replacement algorithms can make the 
cache have the majority of processor accesses resulting in hits. The hit ratio (number of hits x 100%/number of memory ac¬ 
cesses) runs 90% and higher in systems with well coordinated memory to cache mapping routines. Note that as the block 
size (x) increases, the replacement mapping algorithm options have greater impact on the cache performance. 



Many microprocessors are operating with memory access times of 130 ns or less when running at maximum frequency. 
After allowing for address buffering, decoding, and propagation delays through data buffers, the maximum access time that 
can be tolerated is 75 ns or less before processor throughput is affected. For large memory systems, DRAM can be used to 
achieve a cost effective memory; however these can not meet a 75 ns access requirement. If the actual system throughputs 
for a system with cache and one without cache are compared, the advantages of cache become obvious. 

For comparison of the two architectures, assume that a processor is implemented in which 30% of the active cycles involve 
main memory (the other 70% used for instruction decoding and internal operations). Also assume that the processor cycles 
at 250 ns with a required memory access time of 7 5 ns, but if the memory is not ready the cycle time is extended by 100 ns 
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increments till satisfied. This processor using 1 50 ns DRAMs would require one delay increment on main memory accesses 
and 200 ns DRAMS would require two delay increments. The average cycle time can be calculated for each memory speed 
as follows: 

Average Cycle Time = ((INT) x (CYC)] + [(MEM) x (CYC + DEL)] 

where INT = percent of time doing internal operations 
CYC = processor cycle time 
MEM = percent of time doing memory accesses 
DEL = number of delay increments X 100 ns 

For a processor using 1 50 ns DRAMs: 

AverageCycleTime = [(70%)x(250 ns)]+[(30%)x(250+100)] 

= 280 ns 

For a processor using 200 ns DRAMs: 

Average Cycle Time = [(70%) x (250 ns)] + [(30%) x (250+ 200)] 

= 310 ns 

For the same system with cache memory assume a 90% hit ratio with 75 ns cache and 200 ns DRAM: 

Average Cycle Time = [INT x CYC] + [MEM x[(HIT xCAC)+ (MIS x (CYC +DEL))]] 

where INT = percent of time doing internal operations 
CYC = processor cycle time 
MEM = percent of time doing memory accesses 
DEL = number of delay increments x 100 ns 
HIT = percent of memory accesses hit cache 
MIS = percent of memory accesses miss cache 
CAC = cache memory access cycle time 

Average Cycle Time = [70% x 250] + [30% x [(90% x 250) + (10% x (250 + 200))]] 

= 253 ns 

This value represents a 10% improvement with 200 ns devices over the non-cache implementation with 1 50 ns parts and 
18% using 200 ns parts. This performance improvement can be further demonstrated for those systems using custom or 
bit-slice processors where the memory cycle time as well as access time is of concern. For this example, consider a pro¬ 
cessor with a cycle time of 50 ns and main memory cycle time of 250 ns (use the same access ratios as in the previous 
example): 

ACT (Without Cache) = [(70%) x (50)] + [(30%) x (250)] „ 

= 11 0 ns 

ACT (With Cache) = [70% x 50] + [30% x [(90% x 50)+ (10% x 250)] 

= 56 ns 
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This represents a 49% decrease in average cycle time for the processor using 50 ns cache memory. If the main memory was 
rated at a cycle time of 500 ns, either using very slow main memory, error detection/correction, or due to allocation of alter¬ 
nate cycles for some other activity (multi-processors, direct memory access, display refresh, etc.); the cache would still give 
an average cycle time of 63.5 ns, which is an improvement of 65% over the 1 85 ns average cycle time for a non-cache 
system. 

The following figures show severai applications for TMS2150 in cache memory systems. Figure 4 shows a cache memory 
configuration that has a 32-megaword main memory (represented as 32-megabytes since only an eight-bit data bus is used) 
with a block size of 2. In this particular example, a cache containing 512-two word blocks was chosen thus defining the 
main (n)x(m) array as being 512 sets of 32,768-two word blocks. The 32-megaword memory requires an address bus of 
25 iines. The least significant address (AO) is used as a word select for one of the two words in each block. The next least 
significant address lines (A1 — A9) are used as the set select inputs to the cache buffer RAM and the cache tag RAM. 
The remaining high order address lines (A10 — A24) form the label or tag which is stored and compared by the tag RAM. 
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Since the label in this example is composed of 15 address lines, two TMS2150s are used as an expanded tag. The 15 ad¬ 
dress lines are the data inputs to the tag RAM and the 16th data input is tied to -f 5 V so that after RESET invalid data cannot 
force a match. The match output of the two TMS2150s are ANDed together to form the enable for the cache data buffer. In 
this manner, if the contents of either TMS21 50 does not contain a match, the cache is not enabled. This ANDed MATCH 
signal is also used by the control circuitry to notify the system that the address is not present in the cache so that main 
memory might be accessed. The control circuit is also responsible for the reseting of the cache upon power-up, which is ac¬ 
complished with a low pulse on the RESET input of the TMS2150. After reset, no matches will occur at any locations until 
that location has been written. 



BLOCK SIZE = 2 


FIGURE 4 - CACHE MEMORY CONFIGURATION 
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In the example shown in Figure 5, the expansion of the cache RAM is carried out in both depth (more sets) and width (wider 
tag). The block size has been chosen as one such that the IK cache now represents 1024 blocks of one word each. The 
high order addresses are still used as the label to the tag RAM but now A9 is used to select between two TMS21 50 pairs 
each containing labels for 512 of the cache memory blocks. Addresses lines AO — A8 are thus used as the set address 
inputs. If the chip select (S) is at logic one (deselected), the TMS2150 match output (M) is high, so an AND gate can be 
used to enable the cache data buffers and also to notify the control circuit if access needs to be made into the main memory. 
The logic for this system is shown so that the upper pair is compared for the first 512 blocks within cache and the lower 
pair is compared for the second depending on the state of address A9. 


ADDRESSES TO MATCH OUTPUT TO 

CACHE BUFFER RAM BUFFER ENABLE 



FIGURE 5 - CACHE MEMORY CONFIGURATION 
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A dual cache structure (K = 2) is shown in Figure 6. The 1 megaword main memory is divided into 1024 sets of 256 four- 
word blocks. In this example, AO and A1 are used to select which one of the four words within a block are accessed, and 
A2-A10 select which of the 512 block labels are to be compared. Addresses A12 - A19 form the eight-bit label for the 
block. Address A11 is used by the cache control logic in conjunction with the possible processor status lines as chip select 
inputs. The match outputs from the two TMS21 50s A1 and A2 are NANDed to form an active low’ enable to the cache data 
buffers and to serve as request to the control logic. The match outputs from B1 and B2 also are NANDed to perform a similar 
function for cache RAM B. If no match is found in cache RAM A or B, the control logic will initiate an access from main 
memory. The purpose of the dual cache architecture is to allow for rapid switching between multiple tasks or programs since 
the processor can have access to one cache while the controller moves data between main memory and the other cache. The 
dual or multiple cache approach also yields more replacement options than the single cache architecture. When an access 
results in a miss in the single cache system, the data in cache is replaced by the current data even though the old data may 
still be useful. By using "independent" caches, the control can determine which data is most expendible and replace that 
block while the other caches keep their potentially useful data. 

Cache memory architecture can enhance the throughput of many microprocessor systems, allowing large, low-cost memory 
to perform like high speed RAM. The TMS21 50 reduces the tag memory implementation cost and complexity and provides 
label comparison times compatible to the access times of high-speed memories. These additional benefits make high- 
performance microprocessor designs that can utilize the same techniques of optimizing cost/memory size/throughput that 
had previously been found only in larger computer applications. 
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FIGURE 6 - CACHE MEMORY CONFIGURATION: DUAL CACHE (K = 2) 
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HIGH DENSITY ROMS 
IN CONSUMER GAME SYSTEMS 


This application report will introduce the reader to the op¬ 
tions available with the TI high density ROM family. Two 
chip select options have been implemented for these devices: 
a standard addressing scheme and a bank select option that 
divides the device into 8K banks. The bank select versions 
will allow the higher density ROMs to work with most of 
the game systems now on the market even though the systems 
will not directly address 16K of memory. 

Most of the game systems on the market use a 74138 one- 
of-eight decoder to provide the chip select signals. The ex¬ 
ceptions to this use a similar method for generating chip 
selects and this discussion is applicable to them. Since most 
of the systems used for games do their chip select decoding 
in 8K byte blocks, the 8K bank select architecture is ideal 
for systems that have restricted address space. 

The bank select ROM (TMS47128) is put into the system 
with the bank select lines connected to the appropriate system 
chip select outputs (see Figure 1). These systems will only 


have one chip select active at a time. If the bank select in¬ 
puts of the ROM are programmed active low, the device out¬ 
puts will be tri-stated unless one of the system chip selects 
is active. This allows the chip selects of the ROM to be tied 
active and let the bank select inputs control the accessed bank 
and output impedence. Most of the memory accesses in a 
game system will be to ROM so having the device active 
all the time will not significantly increase system current con¬ 
sumption. In fact the system may operate more reliably due 
to the lack of current spikes caused by powering the ROM 
on and off. 

The limiting factor in most game systems on the market 
is the lack of ROM address space. By providing a family 
of high density ROMs with the bank select feature TI has 
given these games extended capabilities and the software of¬ 
fers the opportunity to write more colorful and complicated 
programs. 

MOS Memory 
Applications Engineering 




Figure 1. Game System/TMS47128 Interface 
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LOGIC SYMBOLS 


EXPLANATION OF NEW LOGIC SYMBOLS 
FOR MEMORIES 


1, INTRODUCTION 

The International Electrotechnical Commission (lEC) has been developing a very powerful symbolic language that can 
show the relationship of each input of a digital logic circuit to each output without showing explicitly the internal 
logic. At the heart of the system is dependency notation, which will be partially explained below. 

The system was introduced in the USA in a rudimentary form in lEEE/ANSI Standard Y32.14-1973. Lacking at that 
time a complete development of dependency notation, it offered little more than a substitution of rectangular shapes 
for the familiar distinctive shapes for representing the basic functions of AND, OR, negation, etc. This is no longer 
the case. 

Internationally, lEC Technical Committee TC-3 has prepared a new document (Publication 617-12) that will consolidate 
the original work started in the mid 1960‘s and published in 1972 (Publication 117-15) and the amendments and sup¬ 
plements that have followed. Similarly for the USA, IEEE Committee SCC 11.9 has revised the publication IEEE 
Std 91/ANSI Y32.14. Texas Instruments participated in the work of both organizations and this 1984 Edition of the 
MOS Memory Data Book introduces new logic symbols in anticipation of the new standards. When changes are made as 
the standards develop, future editions of this book will take those changes into account. 

The following explanation of the new symbolic language is necessarily brief and greatly condensed from what the 
standards publiqations will finally contain. This is not intended to be sufficient for those people who will be developing 
symbols for new devices. It is primarily intended to make possible the understanding of the symbols used in this book. 

2. EXPLANATION OF A TYPICAL SYMBOL FOR A STATIC MEMORY 

The TMS2114 symbol will be explained in detail. This symbol includes almost all the features found in the others. 
Section 4, Diagramatic Summary, should be referred to while reading this explanation. 

By convention all input lines are located on the left and output lines are 
located on the right. When an exception is made, an arrowhead shows reverse 
signal flow. The input/output lines (DQ1 through DQ4) illustrate this. 

The polarity indicator C::^. indicates that the external low level causes the 
internal 1 state (the active state) at an input or that the internal 1 state causes 
the external low level at an output. The effect is similar to specifying positive 
logic and using the negation symbol o . 

The rest of this discussion concerns features inside the symbol outline. The 
address inputs are arranged in the order of their assigned binary weights and 
the range of the addresses are shown as A-^ where m is the decimal equivalent 
of the lowest address and n is the highest. The inputs and outputs affected by 
these addresses are designated by the letter A. 

The letter Z followed by a number is used to transfer a signal from one point 
in a symbol to another. Here the signal at output A,Z3 transfers to the 3 at 
the left side of the symbol in order to form an inpat/output port. The A 
means the output comes from the storage location selected by the address 
inputs. 

The V symbol designates a three-state output. Three-state outputs will always 
be controlled by an EN function. When EN stands at its internal 1 state, the 
outputs are enabled. When EN stands at its internal 0 state, the three-state 
outputs stand at their high-impedance states. 


<5) 


(6) 

(7) 

(4) 

.3, 

(2) 

(1) 

(17) 

(16) 

(15) 


(10) 

(14) 

(13) 

(12). ^ 

(11L ^ 




0 _ 

1023 


9 . 

G1 

1EN [REAP] 
1C2 [WRITE] 


A,2D 

V3 


A,23f 
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LOGIC SYMBOLS 


Since the boxes associated with DQ2, DQ3, and DQ4 have no internal qualifying symbols, it is to be understood that 
these boxes are identical to the box associated with DQ1. 

Any D input is associated with storage. Whatever internal state is taken on by the D input is stored. The letter A (in 
A,Z3) indicates that the state of the D input will be stored in a cell selected by the A inputs. If the D input is disabled, 
the storage element retains its content. 

Various types of relationships between ports can be indicated by what is called dependency notation. A letter indicating 
the type of dependency (e.g., C, G, Z) is placed at the affecting input (or output) and this is followed by a number. 
Each affected input (or output) is labeled with that same number. The Z symbol explained above is one form of 
dependency notation. Several other types of dependency have been defined but their use has not been anticipated in 
this book. 

The numeral 2 at the D input indicates that the D input is affected by another input, in this case a C input (i.e., 1C2). 
When a C input stands at its internal 1 state, it enables the affected D input(s). When the C input stands at its internal 
0 state, it disables the D input(s) so that it (they) can no longer alter the contents of the storage element(s). 

The C input is itself affected by another input. The numeral 1 in front of the C shows that a dependency relationship 
exists with a G input. The letter G indicates an AND relationship. When a G input stands at its internal 1 state (low in 
this case), the affected inputs (EN and C2 here) are enabled. When the G input stands at its internal 0 state, it imposes 
the 0 state on the affected inputs. 

Pin 10 has two functions. Its function as a C input has just been explained. Note that for the C input function to stand 
at its 1 state, pin 10 must be low and pin 8 must also be low. The other function of pin 10 is as an EN input. This 
controls the 3-state outputs. This EN input is also affected by the AND relationship with pin 8 so for the EN function 
to stand at its internal 1 state (enabling the outputs), pin 10 must be high and pin 8 must be low. 

Labels within square brackets are merely supplementary and should be self-explanatory. 

3. CACHE ADDRESS COMPARATOR 

The block diagram for the TMS 2150 uses the RAM symbol (explained in Section 2) and also the following: 


10 



Buffer without special amplification. If special amplification is included, the 
numeral 1 is replaced by [>. 


Even-parity element. The output stands at its 1-state if an even number of 
inputs stand at their 1-states. 


Odd-parity element. The output stands at its 1-state if an odd number of in¬ 
puts stand at their 1-states. 

NOTE: TMS 2150 uses one of these to generate even parity by adding the 
output as a ninth bit. 
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4. DIAGRAMATIC SUMMARY 


INPUTS 

Active H (high) 

Active L (low) 

> Active on L-to-H transition 


Active on H-to-L transition 


G (AND) DEPENDENCY 




INPUT/OUTPUT 


C (CONTROL) DEPENDENCY 




OUTPUTS 

Active high 
Active low* 
3-State 

Open-Circuit (L-type)'t' 
Open-Circuit (H-type)"*" 



a 


Z (INTERCONNECTION) DEPENDENCY 




COMMON CONTROL BLOCK 




• The active-low indicator nr^ay be used in combination with the 3- 
state and open-circuit indicators. 

L-types include N-channel open-drain and P-channel open-source 
outputs. 

^ H-types Include P-channel open-drain and N-channel open-source 
outputs. 
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5. EXPLANATION OF A TYPICAL SYMBOL FOR A DYNAMIC MEMORY 


5.1 THE TMS 4116 SYMBOL 


TMS4116 



The TMS 4116 symbol will be explained in detail for each 
operating function. The assumption is made that Sections 
2 and 4 have been read and understood. While this symbol 
is complex, so is the device it represents and the symbol 
shows how the part will perform depending on the se¬ 
quence in which signals are applied. 


5.2 ADDRESSING 


10 


The symbol above makes use of an abbreviated form to show the multiplexed, latched addresses. The blocks represent¬ 
ing the address latches are implied but not shown. 
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LOGIC SYMBOLS 


When RAS goes low, it momentarily enables (through C20, [> indicates a dynamic input) the D inputs of the seven 
address registers 7 through 13. When CAS goes low, it momentarily enables (through C21) the D inputs of the seven 
address registers 0 through 6. The outputs of the address registers are the 14 internal address lines that select 1 of 
16,384 cells. 


5.3 REFRESH 



[REFRESH ROW] 


5.4 POWER DOWN 


RAS 



24 [PWR DWN] 
G24 


When RAS goes low, row refresh starts. It ends when RAS goes high. The 
other input signals required to carry out refreshing are not indicated by 
the symbol. 


CAS is AND'ed with RAS (through G24) so when RAS and CAS are both 
high, the device is powered down. 


5.5 WRITE 



By virtue of the AND relationship between CAS and W (explicitly shown), 
when either one of these inputs goes low with the other one and RAS al¬ 
ready low (RAS is AND'ed by G23), the D input is momentarily enabled 
(through C22). In an "early-write" cycle it is W that goes low first; this 
causes the output to remain off as explained below. 


5.6 READ 



The AND'ed result of RAS and W (produced by G23) is 
clocked into a latch (through C 21) at the instant CAS goes 
low. This result will be a "1" if RAS is low and W is high. 
The complement of CAS is shown to be AND'ed with the 
output of the latch (by G24 and 24). Therefore, as long as 
CAS stays low, the output is enabled. In the "early-write" 
cycle referred to above, a "0" was stored in the latch by W 
being low when CAS went low, so the output remained 
disabled. 


If you have questions on this Explanation 
of New Logic Symbols, please contact: 

F.A. Mann MS 49 
Texas Instruments Incorporated 
P.O. Box 225012 
Dallas, Texas 75265 
Telephone (214) 995-2867 


IEEE Standards may be purchased from: 


Institute of Electrical and Electronics Engineers, Inc. 
345 East 47th Street 
New York, N.Y. 10017 


International Electrotechnical Commission (lEC) 
publications may be purchased from: 

American National Standards Institute, Inc. 

1430 Broadway 

New York, N.Y. 10018 
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MECHANICAL DATA 


general 

Electrical characteristics presented in this catalog, unless otherwise noted, apply to device type(s) listed in the page 
heading, regardless of package. Factory orders for devices described should include the complete part-type numbers 
listed on each page. 


MOS NUMBERING SYSTEM 


EXAMPLE; 


TMS 


2114L 


-45 


1 


1 


C ' ■ \ ^ Unique Product 'N 

Tl MOS Prefix) ( ^ 1 

Vj^dentification NumberJV 


TMS Commercial MOS 
SMJ Military MOS 


C Speed Range ) 


-10 100 ns 
-12 120 ns 
- 15 150 ns 


T 

C Package ) 


CTemperature Range) 


Max Access 
45 ns -20 200 ns 
55 ns - 25 250 ns 
70 ns - 30 300 ns 


-35 350 ns 
-45 450 ns 


FP Plastic Chip Carrier 
J Cerpak/Cerdip 
JD Side Braze 
MC Chip-on-Board 
N Plastic DIP 


-40°C to 80°C 
0°C to 70 °C 
-55°C to 125°C 
-55°C to 100°C 


^ Inclusion of an "L" in the product identification indicates the device operates at low power. 


manufacturing information 

Die-attach is by standard gold silicon eutectic or by conductive polymer. 

Thermal compression gold wire bonding is used on plastic packaged circuits. Typical bond strength is 5 grams. Bond 
strength is monitored on a lot-to-lot basis. Any preseal bond strength of less than 2 grams causes rejection of the 
entire lot of devices. On hermetic devices either thermal compression or ultrasonic wire bonding is used. All hermetic 
MOS LSI devices produced by Tl are capable of withstanding 5 X 10~^ atm cc/sec inspection any may be screened 
to 5 X 10“8 atm cc/sec fine leak, if desired by the customer, for special applications. 

All packages are capable of withstanding a shock of 3000 g. All packages are capable of passing a 20,000 g accelera¬ 
tion (centrifuge) test in the Y-axis. Pin strength is measured by a pin-shearing test. All pins are able to withstand the 
application of a force of 6 pounds at 45° in the peel-off direction. 


dual-in-line packages 

A pin-to-pin spacing of 2.54 mm (100 mils) has been selected for standard dual-in-line packages (both plastic and 
ceramic). 

Tl uses three types of hermetically sealed ceramic dual-in-line packages: cerdip, cerpak, and sidebrazed. The cerdip 
and cerpak packages have tin-plated leads. The sidebraze package has gold-plated leads. The plastic package may 
have tin-plated leads, 60/40 solder-plated leads, or 60/40 hot-solder-dipped-finished-leads. 


chip-on-board 


Tl will bond some MOS memory circuits (particularly ROMs) directly to a printed circuit board specified by the customer. 
This custom packaging technique for consumer applications utilizes a plastic sealant molded over the silicon directly 
mounted and ultrasonic wire bonded to a printed circuit board. Board material as well as dimensions are specified 
by the customer. 
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MECHANICAL DATA 


All measurements are given using both metric and English systems. Under the metric system, the measurements are 
given in millimeters; under the English system, the measurements are given in inches. The English system measurements 
are indicated in parentheses next to the metric. 

ceramic packages — side braze (JD suffix) 





16 

18 

20 

22 

24 

24 

28 

40 

A ± 0,025 
(±0.010) 

7,62 

(0.300) 

7,62 

(0.300) 

7,62 

(0.300) 

10,16 

(0.400) 

7,62 

(0.300) 

15,24 

(0.600) 

15,24 

(0.600) 

15,24 

(0.600) 


20,57 

(0.810) 

23,11 

(0.910) 

25,65 

(1.010) 

27,94 

(1.100) 

30,86 

(1.215) 

IQQI 

35,94 

(1.415) 

51,31 

(2.020) 



7,493 

(0.295) 

7,493 

(0.295) 

miQMii 

7,493 

(0.295) 

15,11 

(0.595) 

15,11 

(0.595) 

15,11 

(0.595) 
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MECHANICAL DATA 


ceramic packages — cerdip/300 mil cerpak (J suffix) 



"^^PINS 

16* 

18 

20 

24 

A(MAX) 

8,255 

(0.325) 

8,255 

(0.325) 

8,255 

(0.325) 

8,255 

(0.325) 

B(MAX) 

19,56 

(0.770) 

22,86 

(0.900) 

24,38 

(0.960) 

32,00 

(1.260) 

C(MAX) 

7,645 

(0.301) 

7,645 

(0.301) 

7,645 

(0.301) 

7,645 

(0.301) 


• Dimensions A, B, and C are applicable for both 16-pin cerdip 
and cerpak. 

NOTES: a. All dimensions are shown in millimeters and parenthetically 
in Inches. Millimeter dimensions govern, 
b. Cerpak only. 
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ceramic packages — 600 mil cerpak (J suffix) 


L- A-.1 

MAX 


90° ± 1^0 
0 



0,381 (0.015) MIN 

-SEATING PLANE- 


0,279 ± 0,076 AV- 
(0.011 +0.003) 


0,457 ± 0,076 Hh 
(0.018 ±0.003) 


PIN SPACING 
2,54 (0.100) NOM 


12,7 

(0.500) L- 
NOM I 




5,588 (0.220) MAX 
3,175 (0.125) MIN 


0,838 (0.033) NOM 
1,778 (0.070) MAX 



24 

28 

A (MAX) 

15,88 

(0.625) 

15,88 

(0.625) 

B (MAX) 

32,77 

(1.290) 

37,85 

(1.490) 

C (MAX) 

15,24 

(0.600) 

15,24 

(0.600) 
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plastic packages (N suffix) 




16 

18 

,20 

22 

24 

28 

40 

A (MAX) 

m 

B 

8,255 

(0.325) 

10,80 

(0.425) 

15,88 

(0.625) 

15,88 

(0.625) 

15,49 

(0.61) 

B (MAX) 

22,1 

(0.870) 

23,37 

(0.920) 

27,18 

(1.070) 

28,45 

(1.120) 

32,26 

(1.270) 

36,58 

(1.440) 

53,1 

(2.090) 

C (MAX) 

6,858 

(0.270) 

6,858 

(0.270) 

6,858 

(0.270) 

9.017 

(0.355) 

13,97 

(0.550) 

13,97 

(0.550) 

13,97 

(0.550) 

D (MIN) 

3,175 

(0.125) 

3,175 

(0.125) 

3,175 

(0.125) 

3,175 

(0.125) 

2,921 

(0.115) 

2,921 

(0.115) 

3,175 

(0.125) 
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ceramic chip carrier package (FE suffix) 




NUMBER 

OF 

TERMINALS 

A1 

MIN MAX 

A2 

MIN MAX 

B1 

MIN MAX 

B2 

MIN MAX 

C2 

MIN MAX 

28 

8,76 

9,02 

13,84 

14,10 

7,80 

7,95 

12,88 

13,03 

1,65 

2,01 

(0.345) 

(0.355) 

(0.545) 

(0.555) 

(0.307) 

(0.313) 

(0.507) 

(0.513) 

(0.065) 

(0.079) 

32 

11,30 

11,56 

13,84 

14,10 

10,34 

13,03 

12,88 

13,03 

1,65 

2,01 

(0.445) 

(0.455) 

(0.545) 

(0.555) 

(0.407) 

(0.513) 

(0.507) 

(0.513) 

(0.065) 

(0.079) 
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Texas Instruments 


Semiconductor Technical Literal 

ture 

Overview of IEEE Std. 91-1984, 

1984, 32 pages. 

A brief condensed overview of the 
symbolic language for digital logic 
circuits by the IEEE and the lEC 
Technical Committee TC-3 incorpo¬ 
rated in IEEE Std. 91-1984. 

TTL Data Book, Vol. 1, 1984, 

336 pages. 

Product guide for all TI TTL 
devices, functional indexes, alpha¬ 
numeric index, and general 
information. 

TTL Data Book, Vol. 2, 1984, 

1392 pages. 

Detailed specifications and applica¬ 
tion information on the Tl family of 
Low-power Schottky (LS), Schottky 
(S), and standard TTL logic devices. 

TTL Data Book, Vol. 3, 1984, 

792 pages. 

Detailed specifications and applica¬ 
tion information on the TI family 
of Advanced Low-power Schottky 
(ALS) and Advanced Schottky (AS) 
logic devices. 

TTL Data Book, Vol. 3 Supplement, 
1984, 255 pages. 

Adds to the detailed specifications 
of AS and ALS logic devices with 
data on 51 new functions, applica¬ 
tions information, system design 
guidelines, errata data and a func¬ 
tional index of all Tl bipolar digital 
devices. 

TTL Data Book, Vol. 4, 1984, 

416 pages. 

Detailed .specifications and applica¬ 
tion information on the Tl family of 
bipolar field-programmable logic 
(FPL), programmable read-only 
memories (PROM), random-access 
memories (RAM), microprocessors, 
and support circuits. 

TTL Data Book, Vol. 5, 1984, 

430 pages. 

Detailed specifications and applica¬ 
tion information on additional LSI 
special functions that add to AS, 

ALS, and LS families. Includes 8- 
bit bit-slice devices, FIFOs, EDAC, 
memory mapping units, and 8, 9, 
and 10-bit registers. 

High-speed CMOS Logic Data Book, 
1984, 800 pages. 

Detailed specifications and applica¬ 
tion information on the Tl family of 
High-speed CMOS logic devices. 
Includes product selection guide, 
glossary, and alphanumeric index. 

Linear Circuits Data Book, 1984, 

820 pages. 

Detailed specifications on opera¬ 
tional amplifiers, voltage 
comparators, voltage regulators, 
data-acquisition devices, a/d con¬ 
verters, timers, switches, amplifiers, 
and special functions. Includes 
LinCMOS''' functions. Contains 
product guide, interchangeability 
guide, glo.s.sary, and alphanumeric 
index. 

Interface Circuits Data Book, 1981, 

700 pages. 

Includes specifications and applica¬ 
tions information on TTL logic 
interface circuits, as well as product 
profiles on the line drivers/receivers 
and peripheral drivers. 

Optoelectronics Data Book, 1983, 

480 pages. 

Contains more than 300 device 
types representing traditional 
optoelectronics (IREDs, LEDs, 
detectors, couplers, and displays), 
special components (avalanche, 
photodiodes, and transimpedance 
amplifiers), fiber optic components 
(sources, detectors, and intercon¬ 
necting cables), and new image 
sensors (linear and arrays). 

MOS Memory Data Book, 1984, 

456 pages. 

Detailed specifications on dynamic 
RAMs. static RAMs, EPROMs, 
ROMs, cache address comparators, 
and memory controllers. Contains 
product guide, interchangeability 
guide, glossary, and alphanumeric 
index. Also, chapters on testing and 
reliability. 

TMS7000 Family Data Manual, 

1983, 350 pages. 

Detailed specifications and applica¬ 
tion information on TTs family of 
microprogrammable 8-bit micro¬ 
computers. Includes architecture 
description, device operation, 
instruction set, electrical charac¬ 
teristics, and mechanical data. 
TMS70()() microcomputers include 
versions in CMOS and SMOS and 
with on-board UART. 

TMSxxxxx Microcomputer Data 
Manuals 

These manuals contain detailed 
specifications and application infor¬ 
mation on specific TMSxxxxx 
microcomputers and peripherals. 
Include architecture description, 
device operation, instruction set, 
electrical characteristics, and 
mechanical data. 

Assembly Language 

Programmer’s Guides. 

TMS32()1(). 1983, 160 pages. 
TMS99000. 1983, 322 pages. 

TMS7()()(). 1983, 160 pages. 

Include general programming 
information, assembly instructions, 
assembler directives, assembler out¬ 
put. and application notes. 

TMS32010 User’s Guide, 1984, 

400 pages. 

Detailed application information on 
the TMS32010 Digital Signal Pro¬ 
cessor. Detailed reference manual 
on use of the TMS320 instruction 
set. Data sheets included. 

Fundamentals of Microcomputer 
Design, 1982, 584 pages. 

University textbook. Subjects 
include microprocessors, software, 
instruction sets, microcomputer pro- ■ 
gramming, high-level languages, 
hardware features, microcomputer 
memory, and I/O design. A design 
example is included. 

See Next Page for Additional 
Information 
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Understanding Series "' Books 

The Understanding Series books form a library written for anyone who wants to learn quickly and easily about 
today’s technology, its impact on our world, and its application in our lives. Each book is written in bright, clear, 
down-to-earth language and focuses on one aspect of what's new in today's electronics. Engineering concepts and 
theory are explained using simple arithmetic. Technical terms are explained in layman’s language. Ideal for self-paced, 
individualized instruction. Currently 14 different titles in the series. 


Understanding Series Titles Stock No. 

Understanding Automation Systems, Second Edition . LCB8472 

Understanding Automotive Electronics, Second Edition . LCB8475 

Understanding Calculator Math . LCB3321 

Understanding Communications Systems, Second Edition. LCB8474 

Understanding Computer Science, Second Edition . LCB8452 

Understanding Data Communications . LCB8483 

Understanding Digital Electronics, Second Edition. LCB8471 

Understanding Digital Troubleshooting, Second Edition . LCB8473 

Understanding Electronic Control of Energy Systems. LCB6642 

Understanding Electronic Security Systems. LCB72()1 

Understanding Microprocessors, Second Edition . LCB8451 

Understanding Optronics . LCB5472 

Understanding Solid-State Electronics, Fourth Edition. LCB8453 

Understanding Telephone Electronics, Second Edition. LCB8482 


Solid State Electronics Technology Books 

A wide variety of textbooks spanning the field of solid state electronics — from fundamentals through advanced 
semiconductor technologies. Each publication has been written by one or more authorities on the subject to bring an 
objective viewpoint to the material. Texts have been carefully prepared and edited, and numerous diagrams and 
illustrations help achieve maximum clarity and understanding. In an industry as dynamic as electronics, it is important 
for engineers and technicians to keep abreast of the latest solid state technologies. 


Electronics Technology Titles Stock No. 

Designing With TTL Integrated Circuits . LCB1151 

Digital Integrated Circuit, Operational Amplifier, and Optoelectronic Circuit Design . LCB24()1 

Electronic Displays . LCB4481 

Electronic Power Control and Digital Techniques . LCB2411 

Fundamentals of Microcomputer Design ...'. MPB30A 

Handbook of Semiconductor and Bubble Memories.!. LCB8034 

Integrated Circuits: A Basic Course . LCB1061 

Integrated Digital Electronics. LCB8035 

Microprocessors and Microcomputers and Switching Mode Power Supplies. LCB4()21 

Microprocessors/Microcomputers/System Design (HB-990()FSDB) . LCB5351 

MOS and Special-Purpose Bi-Polar Integrated Circuits and 

R-F Power Transistor Circuit Design. LCB2391 

MOS/LSl Design and Application. LCB1161 

Optoelectronics: Theory and Practice. LCB436() 

Power Transistor and TTL Integrated Circuit Applications . LCB2841 

PCM and Digital Transmission Systems .. LCB6841 

R-F Power Transistor Circuit Design. LCB2391 

Semiconductor Measurements and Instrumentation .. LCB1851 

16-Bit Microprocessor Systems (HB-MPB3()A) . LCB7761 

Software Design for Microprocessors . LCB1891 

Solid-State Communications . LCB1091 

Transistor Circuit Design . LCB1121 


Write for current availability and prices to: 

Texas Instruments Information Publishing Center 
P.O. Box 225012, MS-54 
Dallas, TX 75265 












































TI Sales Offices 


ALABAMA: Huntsville (205) 837-7530. 

ARIZONA: Phoenix (602) 995-1007. 

CALIFORNIA: Irvine (714) 660-1200; 

Sacramento (916) 929-1521; 

San Diego (619) 278-9601; 

Santa Clara (408) 980-9000; 

Torrance (213) 217-7010; 

Woodland Hills (213) 704-7759. 

COLORADO: Aurora (303) 695-2800. 
CONNECTICUT: Wallinglord (203) 269-0074. 

FLORIDA; Ft. Lauderdale (305) 973-8502; 

Maitland (305) 660-4600; Tampa (813) 870-6420. 

GEORGIA; Atlanta (404) 452-4600, 

ILLINOIS; Arlington Heights (312) 640-2925. 

INDIANA: Ft. Wayne (219) 424-5174; 

Indianapolis (317) 248-8555. 

IOWA: Cedar Rapids (319) 395-9550. 

MARYLAND: Baltimore (301) 944-8600. 
MASSACHUSETTS: Waltham (617) 895 9100. 
MICHIGAN: Farmington Hills (313) 553-1500. 
MINNESOTA: Eden Prairie (612) 828-9300. 

MISSOURI: Kansas City (816) 523-2500; 

St. Louis (314) 569-7600. 

NEW JERSEY: Iselin (201) 750-1050. 

NEW MEXICO: Albuquerque (505) 345-2555. 

NEW YORK: East Syracuse (315) 463-9291; 

Endicott (607) 754-3900; Melville (516) 454-6600; 
Pittslord (716) 385-6770; 

Poughkeepsie (914) 473-2900. 

NORTH CAROLINA: Charlotte (704) 527-0930; 
Raleigh (919) 876-2725. 

OHIO: Beachwood (216) 464-6100; 

Dayton (513) 258-3877. 

OKLAHOMA: Tulsa (918) 250-0633. 

OREGON; Beaverton (503) 643-6758. 

PENNSYLVANIA: Ft. Washington (215) 643-6450; 
Coraopolis (412) 771-8550. 

PUERTO RICO: Hayo Rey (809) 753-8700 

TEXAS: Austin (512) 250-7655; 

Houston (713) 778-6592; Richardson (214) 680-5082; 
San Antonio (512) 496-1779. 

UTAH; Murray (801) 266-8972. 

VIRGINIA: Fairfax (703) 849-1400. 

WASHINGTON; Redmond (206) 881-3080. 
WISCONSIN: Brookfield (414) 785-7140. 

CANADA: Nepean, Ontario (613) 726-1970; 
Richmond Hill, Ontario (416) 884-9181; 

St. Laurent, Quebec (514) 334-3635. 


TI Regional 
Technology Centers 

CALIFORNIA: Irvine (714) 660-8140, 

Hotline: (714) 660-8164; Santa Clara (408) 748-2220. 
Hotline; (408) 980-0305. 

GEORGIA: Atlanta (404) 452-4682, 

Hotline; (404) 452-4686. 

ILLINOIS: Arlington Heights (312) 640-2909, 

Hotline: (312) 228-6008. 

MASSACHUSETTS: Waltham (617) 890-6671, 

Hotline; (617) 890-4271. 

TEXAS; Richardson (214) 680-5066. 

Hotline: (214) 680-5096. 


TI Distributors 


TI AUTHORIZED DISTRIBUTORS IN 
USA 

Arrow Electronics 
Diplomat Electronics 
ESCO Electronics 
General Radio Supply Company 
Graham Electronics 
Harrison Equipment Co. 
International Electronics 
JACO Electronics 
Kierulff Electronics 
LCOMP, Incorporated 
Marshall Industries 
Milgray Electronics 
Newark Electronics 
Rochester Radio Supply 
Time Electronics 
R.V. Weatherford Co. 

Wyle Laboratories 

TI AUTHORIZED DISTRIBUTORS IN 
CANADA 

CESCO Electronics, Inc. 

Future Electronics 
ITT Components 
L.A. Varah, Ltd. 


ALABAMA: Arrow (205) 882-2730; 

Kierulff (205) 883.6070; (ularshall (205) 881.9235. 

ARIZONA: Arrow (602) 968.4800; 

Kierulff (602) 243-4101; Marshall (602) 968.6181; 
Wyie (602) 249-2232. 

CALIFORNIA: Los Angeles/Orange County: 

Arrow (213) 701-7500, (714) 838-5422; 

Kierulff (213) 725-0325, (714) 731-5711; 

Marshall (213) 999-5001, (818) 442-7204, 

(714) 660-0951; R.V. Weatherford (714) 634-9600, 
(213) 849-3451. (714) 623-1261; Wyle (213) 322-8100, 
(714) 863-9953; Sacramento: Arrow (916) 925-7456; 
Wyle (916) 638-5282; San Diego: 

Arrow (619) 565-4800; Kierulff (619) 278-2112; 
Marshall (619) 578-9600; Wyle (619) 565-9171; 

San Francisco Bay Area: Arrow (408) 745-6600; 
(415) 487-4600; Kierulff (408)971-2600; 

Marshall (408) 732-1100; Wyle (408) 727-2500; 

Santa Barbara: R.V. Weatherford (805) 965-8551. 

COLORADO: Arrow (303) 696-1111; 

Kierulff (303) 790-4444; Wyle (303) 457-9953. 

CONNECTICUT: Arrow (203) 265-7741; 

Diplomat (203) 797-9674; Kierulff (203) 265-1115; 
Marshall (203) 265-3822; Milgray (203) 795-0714. 

FLORIDA: Ft. Lauderdale: Arrow (305) 776-7790; 
Diplomat (305) 974-8700; Kierulff (305) 486-4004; 
Orlando: Arrow (305) 725-1480; 

Milgray (305) 647-5747; Tampa: 

Diplomat (813) 443-4514; Kierulff (813) 576-1966. 

GEORGIA: Arrow (404) 449-8252; 

Kierulff (404) 447-5252; Marshall (404) 923-5750. 
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ILLINOIS: Arrow (312) 397-3440; 

Diplomat (312) 595-1000; Kierulff (312) 640-0200; 
Marshall (312) 490-0155; Newark (312) 63S-4411. 

INDIANA: Indianapolis: Arrow (317) 243-9353; 

Graham (317) 634-8202; 

Ft. Wayne: Graham (219) 423-3422. 

IOWA: Arrow (319) 395-7230. 

KANSAS: Kansas City: Marshall (913) 492-3121; 
Wichita: LCOMP (316) 265-9507. 

MARYLAND: Arrow (301) 247-5200; 

Diplomat (301) 995-1226; Kierulff (301) 636-5800; 
Milgray (301) 793-3993. 

MASSACHUSETTS: Arrow (617) 933-8130; 

Diplomat (617) 935-6611; Kierulff (617) 667-8331; 
Marshall (617) 272-8200; Time (617) 935-8080. 

MICHIGAN: Detroit: Arrow (313) 971-8220; 

Marshall (313) 525-5850; Newark (313) 967-0600: 

Grand Rapids: Arrow (616) 243-0912. 

MINNESOTA; Arrow (612) 830-1800; 

Kierulff (612) 941-7500; Marshall (612) 559-2211. 

MISSOURI: Kansas City: LCOMP (816) 221-2400; 

St. Louis: Arrow (314) 567-6888; 

Kierulff (314) 739-0855. 

NEW HAMPSHIRE; Arrow (603) 668-6968. 

NEW JERSEY; Arrow (201) 575-5300. (609) 596-8000; 
Diplomat (201) 785-1830; 

General Radio (609) 964-8560; Kierulff (201) 575-6750; 
(609)235-1444; Marshall (201) 882-0320. 

(609) 234-9100, (609) 235-1444; Milgray (609) 983-5010. 

NEW MEXICO: Arrow (505) 243-4566; 

International Electronics (505) 345-8127. 

NEW YORK: Long Island: Arrow (516) 231-1000; 
Diplomat (516) 454-6400; JACO (516) 273-5500; 
Marshall (516) 273-2424; Milgray (516) 420-9800; 
Rochester: Arrow (716) 275-0300; 

Marshall (716) 235-7620; 

Rochester Radio Supply (716) 454-7800; Syracuse: 
Arrow (315) 652-1000; Diplomat (315) 652-5000; 
Marshall (607) 754-1570. 

NORTH CAROLINA: Arrow (919) 876-3132. 

(919) 725-8711; Kierulff (919) 872-8410. 

OHIO: Cincinnati: Graham (513) 772-1661; 

Cleveland: Arrow (216) 248-3990; 

Kierulff (216) 587-6558; Marshall (216) 248-1788. 
Columbus: Graham (614) 895-1590; 

Dayton: Arrow (513) 435-5563; 

ESCO (513) 226-1133; Kierulff (513) 439-0045; 

Marshall (513) 236-8088. 

OKLAHOMA; Arrow (918) 665-7700; 

Kierulff (918) 252-7537. 

OREGON: Arrow (503) 684-7690; 

Wyle (503) 640-6000. 

PENNSYLVANIA: Arrow (412) 856-7000, 

(215) 928-1800: General Radio (215) 922-7037. 

TEXAS: Austin: Arrow (512) 835-4180; 

Kierulff (512) 835-2090; Marshall (512) 458-5654; 

Wyle (512) 834-9957; Dallas: Arrow (214) 386-7500; 
International Electronics (214) 233-9323; 

Kierulff (214) 343-2400; Marshall (214) 233-5200; 

Wyle (214) 235-9953; 

El Paso: International Electronics (915) 598-3406; 
Houston: Arrow (713) 530-4700; 

Marshall (713) 789-6600; 

Harrison Equipment (713) 879-2600; . 

Kierulff (713) 530-7030. 

UTAH: Diplomat (801) 486-4134; 

Kierulff (801) 973-6913; Wyle (801) 974-9953. 

VIRGINIA: Arrow (804) 282-0413. 

WASHINGTON: Arrow (206) 643-4800; 

Kierulff (206) 575-4420; Wyle (206) 453-8300. 

WISCONSIN: Arrow (414) 764-6600; 

Kierulff (414) 784-8160. 

CANADA: Calgary; Future (403) 259-6408; Varah 
(403) 230-1235; Edmonton: Future (403) 486-0974; 
Hamilton: Varah (416) 561-9311; Montreal: 

CESCO (514) 735-5511; Future (514) 694-7710; 

ITT Components (514) 735-1177; Ottawa: 

CESCO (613) 226-6903; Future (613) 820-8313; ITT 
Components (613) 226-7406; Varah (613) 726-8884; 
Quebec City: CESCO (418) 687-4231; Toronto: 

CESCO (416) 661-0220; Future (416) 663-5563; 

ITT Components (416) 630-7971; Vancouver; 

Future (604) 438-5545; Varah (604) 873-3211; 

ITT Components (604) 270-7805; Winnipeg: 

Varah (204) 633-6190; Edmonton; 

Future (403) 486-0974. Bl 








TI Worldwide 
Sales Offices 

ALABAMA: Hunltvillr 500 Wynn Drive, Suite 514, 
Huntsville, AL 35805. (205) 837-7630. 

ARIZONA: Phoenix: 8102 N. 23rd Ave.. Suite B, 
Phoenix. A2 85021. (602) 995-1007. 

CALIFORNIA: Irvine: 17891 Cartwright Rd., Irvine, 

CA 92714, (714) 660-1200; Sacramento: 1900 Point 
West Way, Suite 171, Sacramento, CA 95815, 

(916) 929-1521; San Diego: 4333 View Ridge Ave.. 
Suite B.. San Diego, CA 92123, (619) 278-9^1; 

Santa Clara: 5353 Betsy Ross Dr., Santa Clara, CA 
95054, (408) 980-9000; Torrance: 19505 Hamilton St.. 
Bldg. A, Suite 1. Torrance, CA 90502, (213) 217-7010; 
Woodland Hills: 21220 Erwin St., Woodland Hills, 

CA 91367, (213) 704-7759. 

COLORADO: Aurora: 1400 S. Potomac Ave., 

Suite 101, Aurora. CO 80012, (303) 695-2800. 

CONNECTICUT: Wallingford: 9 Barnes Industrial 
Park Rd., Barnes Industrial Park, Wallingford, 

CT 06492. (203) 269-0074. 

FLORIDA: Ft. Lauderdale: 2765 N.W. 62nd St., 

Ft. Lauderdale, FL 33309, (305) 973-8502; Maitland: 
2601 Maitland Center Parkway, Maitland, FL 32751, 
(305) 660-4600; Tarrma: 5010 W. Kennedy Blvd., 

Suite 101, Tampa. R. 33609, (813) 870-6420. 

GEORGIA: Atlanta: 3300 Northeast Expy., Building 9, 
Atlanta. QA 30341, (404) 452-4600. 

ILLINOIS: Arlington Heights: 515 W. Algonquin. 
Arlington Heights, IL 60^, (312) 640-2925. 


Lynhurst, Suite J-400, Indianapolis, IN 46241, 
(317)248-8555. 

IOWA: Cedar Rapids: 373 Collins Rd. NE, Suite 200, 
Cedar Rapids, lA 52402, (319) 395-9550. 

MARYLAND: Baltimore: 1 Rutherford PI., 

7133 Rutherford Rd., Baltimore, MD 21207. 

(301) 944-8600. 

MASSACHUSETTS: Waltham: 504 Totten Pond Rd.. 
Waltham, MA 02154, (617) 895-9100. 

MICHIGAN: Farmington Hilts: 33737 W. 12 Mile Rd.. 
Farmington Hills, Ml 48018, (313) 553-1500. 

MINNESOTA: Eden Prairie: 11000 W. 78th St.. 

Eden Prairie, MN 55344 (612) 828-9300. 

MISSOURI: Kansas City: 6080 Ward Pkwy., Kansas 
City. MO 64114, (816) 523-2500; St. Louis: 

11861 Westline Industrial Drive, St. Louis, 

MO 63141,(314) 569-7600. 

NEW JERSEY: Iselfn: 485E U.S. Route 1 South. 
Iselin. NJ 08830 (201) 750-1050 


NEW YORK: East Syracuse: 6365 Old Coltamer Dr.. 
East Syracuse, NY 13057, (315) 463-9291; Endicott: 
112 Nanticoke Ave., P.O. Box 618, Endicott, 

NY 13760, (607) 754-3900; Melville: 1 Huntington 
Quadrangle, Suite 3C10, P.O. Box 2936, Melville. 

NY 11747, (516) 464-6600; Pittsford: 2851 Clover St.. 
Pittsford. NY 14534, (716) 385-6770; Poughkeepsie: 
385 South Rd., Poughkeepsie, NY 126101, 

(914) 473-2900. 

NORTH CAROLINA: Charlotte: 8 Woodlawn Green. 
Woodlawn Rd., Charlotte. NC 28210, (704) 527-0930; 
Raleigh: 2609 HIghwoods Blvd., Suite 100, Raleigh, 
NC 27625. (919) 876-2725. 

OHIO: Beachwood: 23408 Commerce Park Rd., 
Beachwood, OH 44122, (216) 464-6100; Dayton: 
Kingsley Bldg., 4124 Linden Ave., Dayton, OH 45432, 
(513) 258-3877. 

OKLAHOMA: Tulsa: 7615 East 63rd Place. 

3 Memorial Place. Tulsa, OK 74133, (918) 250-0633. 


PENNSYLVANIA: Ft. Washington: 260 New York Dr.. 
Ft. Washington. PA 19034, (215) 643-6450; 
Coraopolis: 420 Rouser Rd., 3 Airport Office Park, 
Coraopolis, PA 15108, (412) 771-8550. 

PUERTO RICO: Hato Ray: Mercantll Plaza Bldg., 
Suite 505, Hato Rey, PR 00919, (809) 753-8700. 

TEXAS: Austin: 12501 Research Bivd., 

P.O. Box 2909. Austin. TX 78723, (512) 250-7655; 
Richardson: 1001 E. Campbell Rd., 

Richardson, TX 75080, 

(214) 660-5082; Houston: 9100 Southwest Frwy., 

Suite 237, Houston. TX 77036, (713) 778-6592; 

San Antonio: 1(X)0 Central Parkway South. 

San Antonio, TX 78232. (51^ 496-1779. 

UTAH: Murray: 5201 South Green SE, Suite 200. 
Murray, UT 84107, (801) 266-8972. 

VIRGINIA: Fairfax: 3001 Prosperity, Fairfax; VA 
22031, (703)849-1400. 

WASHINGTON: Redmond: 2723 152nd Ave., N.E. 
Bldg. 6, Redmond. WA 98052. (206) 861-3080. 

WISCONSIN: Brookfield: 450 N. Sunny Slope. 

Suite 150, Brookfield. Wl 53005, (414) 785-7140. 

CANADA: Nepean: 301 Moodie Drive, Mailorn 
Center, Nepean, Ontario, Canada, K2H9C4, 

(613) 726-1970. Richmond Hill: 280 Centre St. E.. 

. Richmond Hilt L4C181, Ontario, Canada 
(416) 884-9181; St. Lauront: Vilte St. Laurent Quebec, 
9460 Trans Canada Hwy., St. Laurent. Quebec, 
Canada H4StR7. (514) 334-3635. 


ARGENTINA: Texas Instruments Argentina 
S.A.I.C.F.; Esmeralda 130, 15th Floor, 1035 Buenos 
Aires, Argentina, 1 -f 394-2963. 

AUSTRALIA (8 NEW ZEALAND): Texas Instruments 
Australia Ltd.: 6-10 Taiavera Rd.. North Ryde 
(Sydney), New South Wales, Australia 2113, 

02 > 887-1122; 5th Floor. 416 St. Kilda Road, 
Melbourne, Victoria, Australia 3004. 03 -f 267-4677; 
171 Philip Highway. Elizabeth, South Australia 5112, 
08 -•■ 255-2066. 

AUSTRIA: Texas Instruments Ges.m.b.H.: 
Industriestrabe B/16. A-2345 Brunn/Gebirge, 
2236-846210. 

BELGIUM: Texas Instruments N.V. Belgium S.A.; 
Mercure Centre, RaKetstraat 100, Rue oe la Fusee, 
1130 Brussels, Belgium. 02/720.80.00. 

BRAZIL: Texas Instruments Electronicos do Brasil 
Ltda.: Rua Paes.Leme, 524-7 Andar Pinheiros. 05424 
Sao Paulo, Brazil, 0815-6166. 

DENMARK: Texas Instruments A/S. Mairelundvej 
46E, DK-2730 Hertev. Denmark, 2 • 91 74 00. 

FINLAND: Texas Instruments Finland OY: 
Teollisuuskatu 19D 00511 Helsinki 51, Finland. (90) 
0701-3133. 

FRANCE: Texas Instruments France: Headquarters 
and Prod. Plant, BP 05. 06270 Villeneuve-Loubet, 

(93) 20-01-01; Paris Office. BP 67 8-10 Avenue 
Morane-Sdulnler. 78141 Velizy-Villacoublay, 


atiment 6, Chemin de la Forestiere, 69130 EcuMy, 
(7) 833-04-40; Strasbourg Sales Office, Le Sebastopol 
3. Quai Kleber, 67055 Strasbourg Cedex, 

(68) 22-12-68; Rennes, 23-25 Rue du Puits Mauger, 
35100 Rennes, (99) 31-54-86; Toulouse Sales Office, 
Le Peripole—2, Chemin du Pigeonnier de la Cepiere, 
31100 Toulouse, (61) 44-18-19; Marseille Sales Office, 
Noilly Paradis—148 Rue Paradis, 13006 Marseille. 
(91) 37-25-30. 
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GERMANY (Fed. Republic of Germany): Texas 
Instruments Deutschland GmbH; Haggertystrasse 1, 
D-8050 Freising, 08161 -f-SOO; Kurfuerstendamm 
195/196, 0-1000 Berlin 15. 030 •*-682-7365; 111, Hagen 
43/Kibbelstra$se. .19, 0^300 Essen. 0201-24250; 
Frankfurter Allee 6-8, D-8236 Eschborm 1. 

061 98-*-43074; Hamburgerstrasse 11, D-2000 
Hamburg 76, 040-f 220-1154, Kirchhorsterstrasse 2, 
D-3000 Hannover 51, 0511 -*-648021; Arabellastrasse 
21. 0-8000 Munich 81, 089-*-911006; Maybachstrabe 
11, D-7302 Ostflldern 2-Nelingen, 0711 -f 547001; 
Mixikoring 19. D-2000 Hamburg 60, 040-*-6370061; 
Postfach 1309, Roonstrasse lC D-5400 Koblenz, 

0261-f 35044. 

HONG KONG (+ PEOPLES REPUBLIC OF CHINA): 
Texas Instruments Asia Ltd., 8th Floor, World 
Shipping Ctr., Harbour City, 7 Canton Rd., Kowloon, 
Hong Kong, 3 -f 722-1223. 

IRELAND: Texas Instruments (Ireland) Limited: 
Brewery Rd., Stillorgan, County Dublin, Eire. 

01 831311. 

ITALY: Texas Instruments Semiconduttori Italia Spa: 
Viale Delle Scienze, 1, 02015 Cittaducale (Rteti), 

Italy, 0746 694.1; Via Salaria KM 24 (Palazzo Cosma), 
Monterotondo Scalo (Rome), Italy, 6-f 9003241; Viale 
Europa, 38-44, 20093 Cologno Monzese (Milano), 

02 2532541; Corso Svizzera, 185, 10100 Torino, Italy, 
011 774545; Via J. Barozzi 6. 45100 Bologna, Italy, 
051 355851. 

JAPAN: Texas Instruments Asia Ltd.: 4F Aoyama 
Fuji Bldg., 6-12, KIta Aoyama 3-Chome, Minato-ku, 
Tokyo, Japan 107,03-498-2111; Osaka Branch, 5F, 
Nissho IwaJ Bldg., 30 Imabashi 3- Chome, 
Higashi-ku, Osaka. Japan 541, 06-204-1881; Nagoya 
Branch. 7F Daini Toyota West Bldg., 10-27, Meleki 
4-Chome, Nakamura-ku Nagoya, Japan 
450, 052-583-8891. 

KOREA: Texas Instruments Supply Co.: 3rd Floor, 
Samon Bldg., Yuksam-Dong, Gangnam-ku, 

135 Seoul, Korea. 2-f 462-8001. 

MEXICO: Texas Instruments de Mexico S.A.*. 
Poniente 116, No. 489, Colonia Vallejo, Mexico, D.F. 
02300. 567-9200. 

MIDDLE EAST: Texas Instruments: No. 13, 1st Floor 
Mannal Bldg., Diplomatic Area, Manama, P.O. Box 
26335, Bahrain. Arabian Gulf. 973-*-274661. 

NETHERLANDS: Texas Instruments Holland B.V., 
P.O. Box 12995, (Buitewijk) 1100 CB Amsterdam. 
Zuid-Oost. Holland 20-*-5602911. 

NORWAY: Texas Instruments Norway A/S: PB106. 
Refstad 131, Oslo 1, Norway, (2) 155()90. 

PHILIPPINES: Texas Insifumenls Asia Ltd.: 14th 
Floor, 6a- Lepanlo Bldg.. 6747 Paseo de Roxas, 
Makati, Metro Manila, Philippines, 2-t-8186987. 

PORTUGAL: Texas Instruments Equipamento 
Electronico (Portugal), Lda.: Rua Eng. Frederico 
Ulrich, 2650 Moreira Da Mata, 4470 Maia, Portugal, 
2-948-1003. 


SINGAPORE (-*- INDIA, INDONESIA, MALAYSIA, 
THAILAND): Texas instruments Asia Ltd.: 12 Lorong 
Bakar Batu, Unit 01-02, Kolam Ayer Industrial Estate, 
Republic of Singapore, 747-2255. 


SWEDEN: Texas Instruments International Trade 
Corporation (Sverigefilialen): Box 39103, 10054 
Stockholm, Sweden, 08 • 2^480. 

SWITZERLAND: Texas Instruments, Inc., Reidstrasse 
6, CH-8953 Dietikon (Zuerich) Switzerland, 

1-740 2220. 

TAIWAN: Texas Instruments Supply Co.; Room 903, 
205 Tun Hwan Rd., 71 Sung-Kiang Koad, Taipei. 
Taiwan. Republic of China, 02 -*- 521-9321. 

UNITED KINGDOM: Texas Instruments Limited: 
Manton Lane, Bedford, MK41 7PA, England, 0234 
67466; St. James House, Wellington Road North, 
Stockport, SK4 2RT. England. 61 442-7162. Bl 
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